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Abstract
 Mitochondrial DNA is important in the studies of population, medicine, migration, and 
forensics, as well as a few other disciplines. Further insight on grouping mtDNA sequences could 
give insight on identifying genetic variation that causes susceptibility to disease, more 
personalized medicines, or more effective forensic analysis.
 Mitochondrial DNA is currently grouped into haplogroups determined from phylogenetic 
tree analysis. Phylogenetic tree analysis may not be the optimal solution for mtDNA because 
they work better for data above the species level, to show population relationships, not sequences 
that only differ by a few nucleotides.
 To compare both analysis, sample data was obtained from Phylotree.org (van Oven & 
Kayser, 2009). The sequences were run through Clustal W (Latkin et al., 2007) for a multi 
sequence alignment. The results were then used to create a Neighbor-Joining phylogenetic tree in 
PAUP* 4.0 (David Swofford, 1993). The results where then compared to a phylogenetic network 
created using SplitsTree4 (D. H. Huson and D. Bryant 2006). The groupings in the network were 
compared to the groupings in the tree as well as what would be expected based on haplogroups. 
Even though the results were similar, the phylogenetic network did give a slightly more thorough 
result.  
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Introduction
Mitochondrial DNA is a common factor in studies of population, medicine, migration, and 
forensics, as well as a few other disciplines. Further insight on grouping mtDNA sequences could 
give insight on identifying genetic variation that causes susceptibility to disease, more 
personalized medicines, or more effective forensic analysis. Is the current method for grouping 
mtDNA the most efficient method or is there a better way to group the mtDNA?
Mitochondrial DNA
 Mitochondrial DNA, also written as mtDNA, exists in the mitochondria, an energy-
generating organelle in eukaryotic cells. The energy generating pathway is oxidative 
phosphorylation (OXPHOS) which supplies adenosine triphosphate (ATP) to the cell. The 
mitochondria is a membrane bound organelle. There can be several thousand copies of mtDNA 
per cell. This is independent from the organism’s nuclear DNA, which comes from both of the 
organism’s parents and undergoes recombination. In contrast to mtDNA, which only comes from 
the mother and does not under recombination. Recombination occurs during meiosis and is the 
process where the nucleotides in the DNA crossover and rearrange. Also, there are only two 
copies of nuclear DNA (nDNA) in a cell where there are hundreds of copies of mitochondrial 
DNA in a cell. mtDNA also has a higher evolution rate than that of nDNA (Torroni et al., 1996).
 There is a theory as to why eukaryotes have two sets of DNA. The endosymbiotic theory 
states that a prokaryote (most likely a bacteria) was taken inside a eukaryote as an endosymbiont. 
(Margulis, 1967). An endosymbiont is an organism that lives within another forming a mutual 
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Figure 1: Map of Homo Sapiens mitochondrial DNA
relationship, where each organism depends on the other for some reason; mitochondria produces 
energy, ATP, for the cell, and the cell provides protection. They rely on each other for survival. 
The name is derived from symbiosis, which is when two species benefit from living and working 
together.   
 Because of mtDNA structure and location in the cell, mtDNA is more stable, enabling 
older or degraded samples than that of nDNA to be tested and studied. Also, mtDNA is available 
in larger quantities per cell (Shuster et al., 1988) which means smaller samples can be tested. 
mtDNA can be extracted from samples in which nDNA cannot be extracted unless they are in 
large quantity, especially hair shafts and bone fragments.
 In humans, mtDNA spans 16,569 DNA base pairs and is a closed, circular molecule 
(Anderson et al., 1981), as shown in Figure 1. It codes for 37 genes, some of which are 
responsible for producing proteins, transfer RNAs (tRNA) and ribosomal RNAs (rRNA). This 
allows for amino acids to be assembled into functioning proteins. Thirteen of the genes take part 
in the process of oxidative phosphorylation. mtDNA also helps regulate apoptosis, the self-
destruction of cells.
Mitochondrial Ancestry
 Mitochondrial DNA is only passed from mother to child. In theory, this means for 
humans that the race can be traced back to one female, known as the mitochondrial Eve. This 
was originally an idea from Rebecca Cann et al. (1987). Because mtDNA is inherited from the 
mother, it allows for tracing of a direct genetic line. This line has been traced back to African 
origin. Also, Cann et al. (1987) demonstrated that the highest level of genetic variation in 
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mtDNA occurs in African populations. This means humans first arose in Africa and has therefore 
had a longer period of time to accumulate genetic diversity.
 The reason mtDNA is only passed on from the mother is because whenever an egg cell is 
fertilized with a sperm cell, the mtDNA from the sperm cell is left behind, outside of the egg cell. 
Only the nDNA from the sperm is passed into the egg cell (Sutovsky et al., 2000).
 Even though mtDNA is passed from mother to child and does not undergo events such as 
recombination, changes in the DNA sequence can still occur (Strachan, T., 1999). Mutations in 
mtDNA are common because the error checking mechanisms present during nuclear DNA 
replication are absent. DNA polymerase, used in nDNA replication and not mtDNA replication, 
actually has proofreading ability. When mtDNA is being assembled, an incorrect nucleotide 
could be added. Free oxygen radicals from mistakes that occur during the production of ATP 
through the electron transport chain can also cause changes, such as deletions or rearrangements. 
nDNA is protected from this by histones which are not present in mtDNA. An incorrect 
nucleotide could also be added due to crossover because there is more than one copy of mtDNA 
in a cell. Changes in the mtDNA are called mutations. If a mutation occurs in a cell that is not a 
germ-line cell, it will just affect that individual and not be passed on into the population. 
Mutations that occur to germ-line cells can be passed on to future generations. These mutations 
are called polymorphisms. When a mutation occurs to just one DNA base-pair it is called a single 
nucleotide polymorphism (SNP). 
 Since mtDNA can be traced back, it is possible then to find common ancestors among 
humans and create groups for people based on genetic similarities. This is important for both the 
study of evolution and migration among humans as well as for the study of human disease and 
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pharmacology. The groups of people created based on mtDNA similarities are called 
haplogroups. Members of a haplogroup share a common ancestor. The SNPs in the mtDNA 
break humans into haplogroups, each group with a common ancestor from where the SNP 
developed. Members of a haplogroup have the same (or similar) haplogroup. A haplogroup is the 
set of numbers or letters obtained from the mtDNA of an individual. Each haplogroup has a letter 
assigned to it. Letters for haplogroups were assigned in the order they were discovered. 
Haplogroups may also have sub-haplogroups, where another SNP splits the group into two (or 
more) groups. Also, haplogroups that contain other haplogroups will be referred to as super-
haplogroups. SNP markers are found in all 3 regions of the mtDNA: HVR-1, HVR-2 and Coding 
Region. 
Human Migration
 There has been much research, discussion and controversy on the subject of human 
evolution. In 1987, Rebecca Cann et al. submitted a paper stating that the most common ancestor 
of humans based on mtDNA was in Africa over 200,000 years ago. This ancestor is referred to as 
the mitochondrial Eve. As David Maddison states "Few papers in evolutionary biology have 
created as much of a stir," (Maddison, 1991). He claims that Cann et al.’s data does not support 
human’s migrated solely from Africa but may have from other locations as well. However, other 
research such as that by Vigilant et al. also in 1991, also supports Cann et at.'s original claim. 
Vigilant et al. use two statistical tests to support their theory. They used the chimpanzee and 
human sequences to calibrate the rate of mtDNA evolution which placed the age of the common 
human mtDNA ancestor between 166,000 and 249,000 years. Research done by Tishkoff et al. 
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(1996), also suggests that humans have an African origin. The idea that humans evolved from 
Africa is referred to as the “out of Africa” theory. The “out of Africa” model demonstrates that 
all human populations descended from an anatomically modern Homo sapiens ancestor that 
evolved approximately 100,000 to 200,000 years ago in Africa. This Homo sapiens ancestor then 
migrated and diversified across the rest of the world. This research was done by studying alleles 
from two tightly linked autosomal DNA markers. Their sequences were consisting of alleles at a 
short tandem repeat polymorphism and an Alu deletion polymorphism at the CD4 locus on 
chromosome 12. Tishkoff’s research used nDNA rather than mtDNA but their research supports 
Cann et al. (1987) with their “Out of Africa” belief. Tishkoff et al. suspect migration of modern 
humans came from out of Northeast Africa, not from the sub-Saharan populations. The humans 
from Northeast Africa then migrated to the Middle East and Europe and also east into Asia, the 
Pacific Islands and the New World. Fossil evidence suggests modern humans existed in Africa by  
at least 120,000 years before present (YBP) and existed in the Middle East between 90,000 and 
120,000 YBP.  Sarah Tishkoff’s research also showed that humans most likely diverged from the 
great ape 4 to 6 million years ago. 
Finding Haplogroups
 The process to find mtDNA haplogroups is begun by a process called PCR. PCR, also 
known as polymerase chain reaction is a technique to amplify a small amount of DNA into 
thousands of copies. This is done by first heating and cooling the sample and adding special 
primers which serve as a starting point for the mtDNA replication. Finding primers for mtDNA is 
more difficult than with nDNA since mtDNA has a much higher rate of polymorphism. However, 
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7Figure 2: Example of a phylogenetic tree
Gaba, Eric. 2006. Phylogenetic Tree of Life [Image], Nov 4, 2010,
http://en.wikipedia.org/wiki/File:Phylogenetic_tree.svg
if primers are generated in areas with a lower polymorphic rate. After the DNA has been 
amplified it is run through a gel to be visualized. This process is known as electrophoresis. 
Electrophoresis is based on the principle that different particles will have different charges and 
therefor travel different distances in the electric field. The mtDNA that is run through the gel is 
then stained. After analysis of the data, information from the gel is then put into a phylogenetic 
tree or network.
Charting Evolution 
 Scientists have long been trying to discover and understand genetic changes of organisms 
between generations. Since the discovery of DNA, phylogenetics has played an important role. 
Phylogenetics is the study of the history of the evolution of a species or higher taxon, among 
broad groups of organisms based on molecular or morphological data. Phylogeny is not just the 
similarities among terminal taxa. Current methods for displaying the information obtained from 
the study of phylogenetics is in the form of a tree, known as a phylogenetic tree, illustrating the 
relationships and common ancestors of the members. An example of a phylogenetic tree is 
shown in Figure 2. A problem with the tree structure is that if every subject is only one or two 
nucleotides different from each other, the tree renders a pectinate (comb-like) structure, as seen 
in figure 3. This gives little information about the relationships. Trees are not appropriate for 
mitochondrial DNA. They work better for data above the species level, to show population 
relationships. 
 Networks are a better option for mtDNA because they can account for multiple subjects 
being very similar in sequence. Networks also enable sequences that still exist to be identified 
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Figure 3: Example of a pectinate phylogenetic tree
and illustrate the relationship with the sequences descendent from them. For sequences that are 
not present in the database or extinct, identification can still exist. Networks can reveal 
sequences arisen from recombination, hybridization or by homoplasy (parallel mutations) that 
might not be present in phylogenetic trees. In other words, trees assume that an ancestor is no 
longer present in population, which may not always be the case. An example of a phylogenetic 
network is shown in Figure 4.
 Phylogenetic networks can contain hybrid nodes, which are nodes that have two parent 
nodes. Lengths of branches between nodes represents the amount of dissimilarity between them. 
This allows each pair of nodes to show a relationship rather than each node with a predicted root 
node. The negative side of a network is that they can be more complex to understand. However, 
once they are understood, they are much more informative. There are two main types of 
networks, reticulate and splits. Reticulate networks represents evolutionary histories in the 
presence of reticulate events such as recombination, hybridization or lateral gene transfer (Huson 
and Bryant, 2006). Reticulate networks provide an explicit representation of evolutionary history. 
A split network is a more general type of phylogenetic graph and is obtained as a combinatorial 
generalization of phylogenetic trees and is designed to represent incompatibilities within and 
between data sets. It represents a collection of splits. A split is a partition of the taxa. For a 
compatible set of splits, it is always possible to represent each split by a single branch, and thus 
the resulting graph is a tree. However, often a set of splits is not compatible and in a split 
network usually a whole band of parallel branches (also called parallel edges) is required to 
represent a single split. In other words, a phylogenetic tree is one type of a split network. 
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Figure 4: Example of a phylogenetic network
Prior Research
 Research on haplogroups was done by Torroni et al. in 1996. The process they used to 
find haplogroups was to start by amplifying the entire mtDNA of each sample in nine 
overlapping fragments by PCR then digest each segment with 14 restriction endonucleases. 
(Torroni et al., 1996). Restriction fragments were resolved through electrophoresis gels and then 
visualized. Torroni et al. used this process on 86 Scandinavain subjects, all unrelated, and 48 
Tuscan subjects, also unrelated. They discovered 84 polymorphic sites that defined 52 distinct 
mtDNA haplogroups. Only 13 haplogroups were observed in more than one subject, and only 
five were shared by Finns and Swedes.
 Torroni et al. determined the phylogenetic relationships among and between Finnish and 
Swedish haplogroups by parsimony analysis. The root of the tree was the African haplogroup 
AF71 which is a sub-haplogroup of haplogroup L (Chen et al., 1995). The trees were generated 
based on maximum parsimony through random addition of sequences using the Tree Bisection 
and Reconnection (TBR) algorithm (PAUP 3.1.1, SN70FFORD 1993). 
 The majority of haplogroups have been shown to be continent-specific as shown by Chen 
et al. in 1995. According to Chen, more than 70% of sub-Saharan Africans are members of 
haplogroup L. and approximately 55% of East Asian and Siberian mtDNAs are members of 
haplogroup M. Since the research of Chen et al. the percentages of haplogroups in a population 
has become more accurate. As of today, about 46% of the African population have haplogroup L, 
48% of Australia and Oceania populations have haplogroup N and 41% of Western European 
population has haplogroup H. This knowledge could allow for some interesting research about 
the different races across the different continents. Figure 5 shows the estimated worldwide 
12
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Figure 5: Estimated Worldwide Haplotype Frequencies
O. Derbeneva, 2009
haplogroup frequencies. It shows that certain haplogroups are more prominent in certain human 
populations than others.
Importance of Studying Haplogroups
 The study of haplogroups is important because haplogroups are used in human disease 
research, medical prediction of disease susceptibility, pharmacogenomics, forensics, among other 
similar fields of research. mtDNA related diseases include some cancers, epilepsy, deafness, 
neuropathy as well as some others. Further research on these diseases might lead to better 
prevention, treatments and medicines. Pharmacogenomics is one example of a better medicine. 
Pharmacogenomics is the study of how an individual's genetic inheritance affects the body's 
response to drugs. This could eventually lead to drugs that are tailored for one person so they do 
not undergo side affects.
 Further study of haplogroups could give more insight to human migration as well. It 
could complete our knowledge as to how humans evolved and migrated across the world.
 Haplogroups are also used in the creation of a DNA profile. DNA profiles are used in 
forensics for tasks such as identification of victims of mass disasters and elimination of suspects 
for criminal or rape cases. Mitochondrial DNA does not degrade as easily as nuclear DNA so it 
also often used in cold cases as well.
 It is also possible further research could lead us to new discoveries and research related to 
mtDNA that have yet to be discovered. mtDNA holds much information about human’s history, 
present and future.
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Project Goal
 The goal of this research was to objectively identify other ways to determine which 
clades are chosen as haplogroups. It is possible that there may be more objective ways to identify 
haplogroups as well as look at the relationships between them. Networks can show the relations 
between haplogroups from mtDNA. There may be new ways to determine these haplogroups or 
new ways to group mtDNA all together. Much more research has been done on haplogroups with 
phylogenetic tress but maybe more research on haplogroups with phylogenetic networks is 
needed.
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Materials and Methods
Sequence Selection
 The sample data was obtained from phylotree.org (van Oven & Kayser, 2009), a site 
containing a database of 6747 entire human mtDNA sequences, last updated on Nov 10, 2009. 
PhyloTree was selected because it contained one of the largest datasets. All the mtDNA 
sequences were put into a mySQL database. It was important to make sure the sequences 
represented humans from across the globe, since certain haplogroups are only found in certain 
populations. A Perl program was created and used to randomly select ten percent of the 
sequences with lengths between 16,564 and 16,574. This is significant because the revised 
Cambridge Reference Sequence (rCRS) is 16,569 base pairs in length; the lengths ranged in 5± 
nucleotides from the reference sequence (Andrews et al., 1999). For comparison purposes, the 
mtDNA sequence for Pan troglodytes, the common chimp, was added to the data set, making the 
total number of sequences 271. The chimp had a sequence length of 16554 base pairs, which is 
15 base pairs shorter than the rCRS. The chimp would hopefully allow for an obvious out-group 
or root in the phylogenetic tree and phylogenetic network. The code can be found in the 
Appendix, in the section titled mtDNA Sequence Selection Program.
Sequence Alignment
 The sequence set was run through Clustal W, a general purpose multi-sequence alignment 
of nucleic and protein sequences program (Latkin et al., 2007). Clustal was chosen because of its 
robustness, NEXUS file format for output, and the accuracy of the results (Chenn et al., 2003). 
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There are a few ways to use Clustal W. There are two webservers, one hosted by the European 
Bioinformatics Institute, also know as EBI and the other hosted by the Swiss Institute of 
Bioinformatics. There are also two different flavors for download to a computer, ClustalW, a 
command-line version and ClustalX, a graphical version. Both are precompiled for Mac OS X, 
Linux and Windows. The sequence’s ID from the mySQL database was used for the sequence 
name, however, since ClustalW will not accept sequences starting with a number, “z” was places 
in front if every ID number. ClustalW was chosen for the command-line interface.
 A complete “slow/accurate” alignment was selected for its accuracy.  The gap open 
penalty was 10 while the extension was 0.20 for multiple alignments.  This is significant because 
it is more common when more than one gap is present that those nucleotides were added or 
removed together rather than independently. The “slow/accurate” alignment used the IUB DNA 
weight matrix. IUB is the default scoring matrix used by BESTFIT for the comparison of nucleic 
acid sequences. X's and N's are treated as matches to any IUB ambiguity symbol. All matches 
score 1.9 while all mismatches for IUB symbols score 0. The DNA Transitions Weight was set at 
0.50. Transitions occur more frequently in mtDNA than transversions because with a transition 
nucleotide change the structure does not change shape like it does for a transversion.  To estimate 
the time for Clustal W to run, subsets of 3, 5, 8, 12 and 15 were run as benchmarks before the 
entire data set was run. Output options of Clustal (.aln extension), PHYLIP or PHYLogeny 
Inference Package (.phy extension) and Nexus (.nxs extension) were selected. However, only the 
Nexus formatted output was used.
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Creating the Phylogenetic Tree
 First, the alignment was put into a program called PAUP* 4.0 to generate a phylogenetic 
tree. PAUP*, a software package for inference of evolutionary trees for use in Macintosh, 
Windows, UNIX/VMS, or DOS-based formats, was created by David Swofford (1993). 
Originally a heuristic parsimony search with a tree bisection reconstruction swap method was 
selected. This turned out to be too processor and memory intensive for the amount of sequences 
used and the complexity of the data selection. PAUP* ran on a Linux box with an AMD Phenom 
II 64-bit quad-core processor running at 3.0 GHz with 8 GB of RAM. It ran for 5 weeks, on two 
occasions. The first time, just freezing and the second time it just crashed with the warning: 
"Segmentation fault." Most likely, this means the program ran out of memory. Maximum 
Parsimony was a poor choice because there are too many trees to examine even for relatively 
small datasets. As a result a neighbor joining algorithm was used to do the analysis because it is 
not as processor intensive. 
 The neighbor-joining method (Saitou and Nei, 1987) is a tree generation method that uses 
distance-based measures. Distance based measures use the pairwise distances between any two 
sequences. It is similar to the UPGMA method, except it does not assume ultrametricity. 
Ultrametricity is a weakness because it uses averages for the distances. Using averages causes 
two sibling nodes to appear to have the same distance to a cousin node, when that may not be the 
case. Instead of using ultrametricity, the neighbor joining method uses additivity. With additivity 
the distance between two nodes is the sum of the lengths of the branches that connect them. For 
each pair of clusters, Ca and Cb, the neighbor-joining algorithm minimizes the distance between 
clusters Ca and Cb while maximizing the separation of both Ca and Cb from other clusters. 
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Besides not assuming ultrmetrictiy, the advantage of the neighbor-joining method is the speed; it 
is fast which is well suited for large data sets. Also, the chimp was selected to be the root of this 
neighbor-joining tree.
Creating the Phylogenetic Network
 Originally, TCS was chosen to be used to compute the phylogenetic network. It was 
created by Mark Clement, Jacob Derington, Steve Woolley and David Posada (2000). The 
current version is 1.21. TCS is a Java program that creates phylogenetic networks with Statistical 
Parsimony algorithm. TCS can run on any OS with a Java Virtual Machine installed. With the 
data set of 271 mtDNA sequences, TCS would get to about 15% completion and stop increasing. 
TCS was given a week, never moving beyond 15%. Sample data sets were randomly chosen for 
benchmarking purposes and ran in sequence quantities of 3, 20, 50, 55, and 100; each one 
worked fine. Dr. Posada was contacted for insight into the problem, however, we were unable to 
identify a solution to the problem (Posada, personal communications, 2010). After waiting a few 
more days with no progression over the 15%, TCS was terminated and alternative methods were 
researched with the conclusion being TCS could not handle that amount of data used.
 SplitsTree4 was selected to replace TCS. SplitsTree4 is software for computing 
phylogenetic networks written in Java by D. H. Huson and D. Bryant (2006). It uses an 
uncorrected P distance algorithm. Distance in the evolutionary sense is the minimum amount of 
evolution that could have occurred. P-distance is the uncorrected number of changes between 
two sequences. It is called uncorrected because it does not take account of the base pairs where 
multiple changes have occurred. Each base pair that has changed is counted as 1 change and all 
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unchanged base pairs as 0. Research has shown that this method can hide some changes. It also 
uses a neighboring network called NeighborNet. It is distance method based on Neighbor-Joining 
distance method. It is great for working with large taxa (Bryant, 2004). An important feature of 
SplitsTree is that it finds distinct haplogroups, This can be done using the “Group Identical 
Haplogroups” tool from the menu. Grouping identical haplogroups hid overlapping data.
Visualizing the Phylogenetic Tree
 Once the phylogenetic tree was created, the nexus sequence was imported into MacClade. 
It written by David Maddison and Wayne Maddison (2008). MacClade’s data editor was helpful 
in showing at what base pair the sequences differed. The colors made it very easy for the eye to 
locate polymorphisms. Besides displaying the data, MacClade also gave a visual representation 
of the phylogenetic tree that was created in PAUP*. Character evolution is reconstructed on the 
tree and indicated by coloring the branches. Besides showing the phylogenetic tree in a visual 
representation, MacClade also computes character analysis. The character analysis chosen were 
nucleotide composition in the mtDNA and frequency of unambiguous changes between states in 
the tree. MacClades visual representation is helpful because it will represent SNP with a color 
change for the clade. 
Determining Haplogroups
 To determine if the phylogenetic tree grouped the haplogroups together, the haplogroup 
of each sequence had to be determined. Mitomap’s Haplogroup Markers with HVS1 Motif table 
was used to find the haplogroups based on the diagnostic SNP. This can be found in Figure 6. 
20
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Figure 6: Haplogroup Markers with HVS1 Motif
Mitomap, mitomap.org, 2009
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Figure 7: Simplified mtDNA lineages
Mitomap, mitomap.org, 2009 
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Figure 8: PhyloTree mtDNA Build Tree
PhyloTree, phylotree.org, 2010
Since the table was based on the positions from the revised Cambridge Reference Sequence 
(rCRS) and the sequences differed in lengths, the positions from the aligned sequences had to be 
determined. Since the rCRS was not included in the alignment, the sequence for Homo sapiens 
isolate Tor40(#1) mitochondrion, complete genome (>gi51895022gbAY738979.1) was used to 
compare, since they both have lengths of 16,569 BP. This sequence was represented in the 
mySQL database with the ID z57. The gaps before each diagnostic SNP in the aligned version of 
z57 were counted and added to the diagnostic SNP location. The diagnostic marker for J from 
Mitomap, position 13,078, was not used. This SNP did not align properly, even with the rCRS. 
Mitomap has been contacted to see if the location for the SNP for J was possibly improperly 
represented and should be at position 13,708 instead, with no response as of the time of this 
publication. It was assumed to possibly be a typing-error, since on another page on Mitomaps 
website, the location 13,708 was used. This can be seen in Figure 7.
 When a sequence had more than one diagnostic SNP present for multiple haplogroups, 
the mtDNA Lineages table, also from Mitomap, was referenced, to see which haplogroups 
derived from others. This information was also compared to the mtDNA Tree Build 
(phylotree.org, 2010) from PhyloTree, which can only be viewed in Mozilla Firefox. Both can be 
found in Figures 7 and 8, respectively. 
 The phylogenetic tree was then marked up, showing where each haplogroup occurred, 
seeing if members of the same haplogroup were grouped together. Members of the same 
subgroup were marked in the same color. The colors for each haplogroup can be found in Figure 
13. After every branch of the tree was marked and colored, the tree was analyzed for clustering. 
This process was then repeated for the phylogenetic network generated from SplitsTrees. It was 
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important not only to see if the sequences with the same haplogroup were grouped together but 
also if that haplogroup was in fact a sub-haplogroup, if other members of the sub-haplogroup 
were nearby.
 After both the tree and network were marked, colored and analyzed, they were compared 
to see if the clustering was the same for the sequences in both phylogenetic analyses. This was 
done by human eye. After the analysis was completed, conclusions were drawn about the results.
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Results
Sequence Selection
 The sequences from PhyloTree (phylotree.org) ranged from lengths of 15,437 to 16,911 
bases. However, PhyloTree did say some of these sequences were incomplete sequences. Since 
there was such a range in length, the lengths were charted to see the most likely range. Figure 9 
shows the amount of mtDNA sequences with different sequence lengths. There was a peak of 
sequences at 15,446, however, there weren’t many other sequences around that length; 244 out of 
6747 sequences is a small percentage. There was another small peak between 15,582 and 15,587 
but, again, 245 out of 6747 is a small percentage. There wasn’t another peak until 16,557 through 
16,576. This contained 5015 of the 6747 sequences which is the majority of the sequences. The 
two highest points were at 16,569 and 16,570, with 1482 and 1298, respectively. There was also 
a small peak at 16,899 though 16,904, totaling 700 sequence. This was larger than the first two 
peaks but much less than the third. It is obvious since the majority, 74%, were at the third peak 
that the actually mtDNA sequence length was in that range. To make sure all the sequences were 
complete sequences, the sequences that were selected were of lengths 16,564 through 16,574 
because of the revised Cambridge Reference sequence containing 16,569 base pairs and that 
would the middle of the highest peak. The selected sequences can be found in the Selected 
Sequences section of the Appendix. The mtDNA sequences had representation from most 
geographic locations and descents. 
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Figure 9: Amount of mtDNA per sequence length
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Figure 10: ClustalW benchmark graph with best-fit line and R2
Table 1: ClustalW benchmark data for Slow/Accurate alignment
Aligning the Sequences 
 The time for ClustalW to run was estimated based on benchmarks for sequences sets of 3, 
6, 7, 12 and 15, which was run on the same computer. It took 3 minutes and 43 seconds for 3 
sequences to align. It took 9 minutes and 5 seconds for 5 sequences to align. It took 19 minutes 
and 18 seconds for 8 sequences to align. It took 31 minutes and 42 seconds for 12 sequences to 
align and 40 minutes and 23 seconds for 15 sequences to align. The results from the 
benchmarking can be found in Figure 10. This seemed to be a linear relationship, with the 
equation: y=185.89x-348.44 and a R2 value of 0.9992. This would estimate that for 271 
sequences to run through ClustalW it would take approximately 50,028 seconds which would be 
a little less than six days. It actually took about ten days to complete, 4 days longer than what 
was estimated.  
Nucleotide Analysis
 When the nucleotide analysis was done in MacClade, it was discovered that the 
composition of the nucleotides in the mtDNA strands was not proportionate as shown in Figure 
10. Adenine (A) and Cytosine (C) were both about 31% of the strand, while Thymine (T) was 
about 25% and Guanine (G) was only about 13%. To see if these percentages were unnatural for 
mtDNA, a Perl script was used to calculate the percentages of the four nucleotides in the revised 
Cambridge Reference Sequence (rCRS). This can be found in the Appendix in the section 
Nucleotide Percentages of the rCRS. As expected, the percentages were right on with the rCRS. 
This information is shown in Figure 12 and table 2. 
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Table 2: Nucleotide percentages of mtDNA data set verses rCRS
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Figure 13: Haplogroup Markers for Aligned Sequences
MacClade also generated a “Frequency of unambiguous changes between states” chart as well. 
This is shown in Figure 12. This showed that the most common state changes occurred between 
Cytosine and Thymine, and Adenine and Guanine, respectively. Adenine and Guanine are both 
purine bases while Cytosine and Thymine are both pyrimidine bases. Purines are made up of two 
carbon rings while pyrimidines are only made up of one. Since there nucleotides have two 
different shapes, there are two types of DNA substitution mutations; transitions and 
transversions. Transitions don’t change shape because a purine is replaced with another purine, 
or a pyrimidine with a pyrimidine; each with a similar structure. Transversions, on the other 
hand, do change structure from either a one-ring pyrimidine to a two-ring purine or visa versa. 
Although there are twice as many possible transversion mutations that could occur, transitions 
appear more often in genomes, since a transversion is a more dramatic structural change. This is 
consistent with the results from MacClade.
Determining Haplogroups
 The haplogroup of each sequence was determined using the diagnostic SNP markers 
determined using the aligned sequences. This is shown in Figure 13. Different colors were used 
to represent super-haplogroups. The haplogroup of each sequence can be found in the Appendix 
in the section. Some haplogroups were not represented in the data set. Haplogroup S and 
Haplogroup W were not present in the set. The diagnostic marker for haplogroup P was found in 
the chimp, however it was not present in any of the human mtDNA sequences. Some sequences 
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Figure 14: mtDNA Phylogenetic Tree, Neighbor Joining - Full Tree
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Figure 15: mtDNA Phylogenetic Tree, Neighbor Joining - Chimp cropped
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Figure 16: mtDNA Phylogenetic Tree, Neighbor Joining - Part 1
38
Figure 17: mtDNA Phylogenetic Tree, Neighbor Joining - Part 2
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Figure 18: mtDNA Phylogenetic Tree, Neighbor Joining - Part 3
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Figure 19: mtDNA Phylogenetic Tree, Neighbor Joining - Part 4
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Figure 20: mtDNA Phylogenetic Tree, Neighbor Joining - Part 5
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Figure 21: mtDNA Phylogenetic Tree, Neighbor Joining - Part 6
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Figure 22: mtDNA Phylogenetic Tree, Neighbor Joining - Part 7
44
Figure 23: mtDNA Phylogenetic Tree, Neighbor Joining - Part 8
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Figure 24: mtDNA Phylogenetic Tree, Neighbor Joining - Part 9
46
Figure 25: mtDNA Phylogenetic Tree, Neighbor Joining - Part 10
47
Figure 26: mtDNA Phylogenetic Tree, Neighbor Joining - Part 11
48
Figure 27: mtDNA Phylogenetic Tree, Neighbor Joining - Part 12
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Figure 28: mtDNA Phylogenetic Tree, Neighbor Joining - Part 13
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Figure 29: mtDNA Phylogenetic Tree, Neighbor Joining - Part 14
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Figure 30: mtDNA Phylogenetic Network - full network
note: Chimp is in bottom left corner, hard to see
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Figure 31: mtDNA Phylogenetic Network - Chimp Cropped
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Figure 32: mtDNA Phylogenetic Network - Part 1
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Figure 33: mtDNA Phylogenetic Network - Part 2
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Figure 34: mtDNA Phylogenetic Network - Part 3
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Figure 35: mtDNA Phylogenetic Network - Part 4
had markers for more than one haplogroup. In cases where the haplogroup was both T and T-J 
group, it is likely that the sequence belonged to haplogroup T. 
Analyzing the phylogenetic tree
 Once the phylogenetic tree was marked and color-coded, it was easy to see sequences 
with similar haplogroups were grouped together. The tree had a lot of depth. At the thickest 
potion, the tree was about 25 internal nodes deep. The chimp was the root of the tree, which was 
as expected since it was set as the root and outgroup during the tree creation in PAUP*. Sub-
clades were made up of sub-haplogroups. Larger clades, or super-clades represented super-
haplogroups. Haplogroups H, HV, UK, R, T, J,  and TJ were all grouped together with some 
overlapping. For example haplogroups H and HV overlapped. Haplogroup A was next in the tree, 
represented by one larger clade made up of sub-clades. Haplogroup I was nearby in the tree. A 
few sequences with haplogroup L3 were mixed in where super-haplogroup M started. Super-
haplogroup M is comprised of haplogroups M, C, Z, Q, G and D. Each one was grouped together 
in sub-clades in one super-clade. A few more of the L3 haplogroup sequences followed the M 
haplogroup. The tree ended with haplogroup L0, L1, L2. However, two sequences with 
haplogroup B were on one sub-clade. To note, the physical order is not important in the tree 
because the tree has many pivot points but the groupings themselves are what is important. The 
order is only referenced when visually describing the tree. The phylogenetic tree can be seen in 
figures 14-27.
57
Analyzing the phylogenetic network
  The phyogenetic network is shown in figures 34-38. On the right side of the tree, all of 
haplogroups H, HV, and R are grouped together. Above that section, are the UK and UK group 
haplogroups. However, unlike the tree, haplogroup N was next, along with haplogroup F. In the 
tree, both came right before haplogroups Y and A. After haplogroup N is the T, TJ and J 
haplogroup section. Again, the group is more mixed than the clean cut lines from the tree. 
Haplogroup Y is the next group.  None of haplogroup A is near haplogroup Y, like in the tree. 
Haplogroups X and I are not located in this area, either. Keeping around the network in a 
counterclockwise motion, haplogroup L3 is next in the tree, followed by haplogroup L0, L1 and 
L2. Again, the chimp is grouped in this section, however, it is a great distance away; 
approximately, 50 times further than the average length of a sequence from the center of the 
network. Haplogroup group M is next with sub-haplogroups D, C, Z, Q, and G mixed in 
throughout this section. Just as in the phylogenetic tree, three sequences also have markers for 
haplogroups HV, TJ and V. There is one sequence belonging to haplogroup L3 following the 
haplogroup M section. Wrapping back around towards the H, HV and R section, comes the 
sequences belonging to haplogroups A, X and I. Because the identical haplogroups were grouped 
together, it was easy to see that there was one duplicate haplogroup. It is represented as Type 1 in 
the network. It consists of z255 and z2082, two members of the UK group haplogroup.
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Discussion
The Data Set
 It was important to make sure there was a mix of sequences from many geographical 
locations represented in the data set because previous research (Torroni et al., 1996) has already 
showed that haplogroups tend to be more prominent in certain human populations than others. If 
only a few human populations were present in the data set, it would be likely that only a subset 
of the different haplogroups would be present. For the results to be meaningful, the more 
diversity between human populations and haplogroups, the better. The geographical location was 
determined (for most sequences) by looking at the associated publications for the data from 
PhyloTree, since all the data came from PhyloTree’s human mtDNA sequence database.
 The length of mtDNA can be affected both by the person testing the mtDNA or from 
mtDNA processes. It is important to make sure the sequences are of accurate length because 
incorrect lengths could create groupings that do not actually exist in the population. Phylotree 
stated that some sequences were incomplete and some only contained the coding region. 
Insertions in the mtDNA sequence could be the cause for an unusually long sequence. These 
sequences needed to be filtered out of the data set for accurate results. To do this, it was 
important to see the length range of the majority of the sequences. The range occurred between 
16,557 and 16,576. The revised Cambridge Reference sequence has a length of 16,569 base 
pairs, which is in the middle of that range. In fact, more sequences had that length than any other 
length. For the alignment data set, ten percent of the sequences in the range of ten base pairs 
around the rCRS were randomly selected. It was important that they were randomly selected so 
that no particular haplogroup had a greater probability of being included than another. 
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ClustalW
 ClustalW took much longer than what was estimated by the benchmark runs. The 
benchmark estimated about 6 days. It showed a linear relationship, with the equation 
y=185.89x-348.44 and a R2 value of 0.9992. Multiple sequences alignments tend to have the 
BigO Notation of O(Nm) so it is possible that ClustalW has a more time complex model than a 
linear equation. It could be that the 5 benchmark tests did not show the whole picture and it was 
a different type of equation, such as polynomial equation. To be sure, more benchmark test 
would have needed to be completed. However, the amount of time to continue running 
benchmarks was not available and the results not highly necessary for the main task at hand. 
Another way to try to determine if the equation of time is more complex would be to add in the 
time for 271 sequences to the current benchmark data. When the total time for 271 sequences is 
added to the chart with the benchmarks, the trend line equation is y=125.16x2-2063x+7307.2, 
with an R2 value of 1.0. Since R2 is the fraction of the total squared error that is explained by the 
model, the closer R2 is to one, the less error in the equation. Since the R2 value is one exactly, it 
would mean there was no error in this equation; this is not common. Therefore, it is likely that 
the time for ClustalW to run is actually a polynomial equation. This supports the theory that the 
original benchmark data may not have shown the whole picture. This can be seen in figure 34.
Nucleotide Analysis
 In the “Frequency of unambiguous changes between states” chart generated by 
MacClade, it showed that the most common state changes occurred between Cytosine and 
Thymine, and Adenine and Guanine, respectively. This is to be expected because Cytosine and 
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Figure 36: ClustalW Benchmark for 271 sequences
Thymine are both Pyrimidine bases and Adenine and Guanine are both purine bases. Most often, 
state changes that occur in mtDNA would be a purine for a purine and a pyrimidine for a 
pyrimidine. Pyrimidines are made up of one ring while purines have two rings. The 
complementary base pair of a purine is a pyrimidine and visa versa, both forming hydrogen-
bonded pairs. A purine with a purine or a pyrimidine with a pyrimidine has a weaker molecular 
bond than a complementary base pair would have.
 
Haplogroup Determination
 Currently, there are diagnostic SNP markers that help determine which haplogroup a 
sequence belongs to. These markers can be found from MitoMap. Since the markers reference 
base pairs from the rCRS, it is important to convert the locations so they appropriate for the 
different sequence lengths. To do this, after the sequences are aligned, the number of gaps before 
each SNP marker in the rCRS is counted and that number is added to the diagnostic location. For 
example, if 5 gaps showed in the alignment of the rCRS before the first SNP marker, the location 
of the marker in the alignment would be the marker location plus 5. This then allows for the 
haplogroup of each sequence to be determined. Determining the haplogroup for each sequence 
was not as straightforward and easy as expected. Many of the sequences had markers for more 
than one haplogroup. In some cases, one haplogroup was the sub-haplogroup of the other so it 
was concluded that the sequence belonged to the sub-haplogroup.  As an example, the sequence 
with the ID z128 has the SNP diagnostic markers for both haplogroup M and haplogroup C. 
Since haplogroup C is a sub-haplogroup of haplogroup M, it can be assumed that sequence z128 
belongs to haplogroup C. In a few other cases it was more difficult to determine because the 
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markers represented different haplogroups that weren’t in direct lineage of each other. The 
sequence with the ID z860 has both the diagnostic marker for haplogroup M and haplogroup HV. 
Haplogroup M is not a sub-haplogroup of haplogroup of HV or visa versa. In this case it was 
hard to determine which haplogroup the sequence actually belonged to by just looking at the 
diagnostic SNP markers. This shows that using diagnostic markers, at least those that exist 
currently, are not foul-proof; they are faulty. 
Analyzing the Phylogenetic Tree
 Overall, the phylogenetic tree is similar to what would be expected. The groups in the 
tree represent the haplogroups that would be expected by current haplogroup determination 
methods, e.g. diagnostic SNP markers. Sub-haplogroups are sub-clades of super-clades that are 
made up of super-haplogroups. This structure shows the relationship between the different 
haplogroups. Some haplogroups were made up of multiple clades; it is possible that maybe that 
could be another sub-clade that hasn’t been determined yet. To properly visualize the tree, the 
tree had to be zoomed in to a much larger view. However, when it is zoomed in, it is hard to see 
the multiple layers in the tree. It is hard to tell if an internal node is 10 or 12 nodes in. To 
properly see which sequences belonged to which clades, the tree had to be constantly zoomed in 
and out. Sequence z2320, determined to belong to haplogroup T was not grouped with any other 
sequences belonging to haplogroup T or with any other sequences from the super-clade N/R. 
Also, as previously stated, haplogroup B, belonging to super-haplogroup N/R grouped with L0, 
L1, L2. Overall, the phylogenetic tree shows that sequences with the same SNPs are grouped 
together or at least near each other, often coming from the same ancestor.
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Analyzing the Phylogenetic Network
 Overall, the phylogenetic network gives comparable insight to the similarities in mtDNA 
as did the phylogenetic tree. Very similar groupings are created between the tree and the network. 
The network is somewhat more complex to look at but it seems to better demonstrate the 
similarities and differences between sequences, as well as show groupings better. Unlike in the 
tree, the network shows sequences belonging to haplogroup H in 2 groupings. These groupings 
are next to each other, with most in the one grouping (approximately 33) and only a few 
(approximately 4) in the second grouping. This leads to some questions as to why these for 
sequences are grouped by themselves and not in the same group as the rest of the H haplogroup. 
There is similarity, since they are next to each other. Next to the larger of the 2 haplogroup H 
groupings, is haplogroup UK. There is much more of a distinction in the network between 
haplogroup UK and haplogroup UK group than in the tree. They are shown as two distinct 
groupings; they are next to each other, though. 
 Another interesting aspect of the network was that the N/non-R haplogroups and 
subgroups were not located next to each other on the network as they were in the tree. In the tree, 
haplogroups Y and A followed haplogroup N/R and respective sub-haplogroups. However, in the 
network, haplogroup Y was on one side of haplogroup N/R and respective sub-haplogroups 
while haplogroup A was on the other. 
Reasons for unlikely locations for sequences amid different haplogroups
 There were a few sequences with SNPs for haplogroups other than what would be 
expected looking at where on the tree the sequence was located and how it was grouped. As an 
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example, sequence z4177 has the diagnostic SNP marker for haplogroup UK, however, it was 
grouped amongst haplogroup L3, on the opposite side of the tree of the other UK sequences. It is 
possible that sequence z4177 is most similar to the L3 sequences its near but had a mutation at 
the same location as the diagnostic SNP marker for the UK haplogroup. This is most likely the 
case for that and the few other sequences that had SNP makers for haplogroups other than that of 
which they were grouped.
Phylogenetic trees versus phylogenetic networks
 Overall, the results from the phylogenetic tree and phylogenetic network were similar. 
Both the tree and the network took a long time to compute. They were both processor and 
memory intensive. Both the tree and the network are large images that take time and focus to 
follow and understand visually. 
 There were a few sequences that were grouped differently in the tree than in the network. 
For example, sequence z2858 was grouped with the other sequences with haplogroup L3 in the 
tree, however, the network grouped this sequence near the sequences belonging to haplogroup 
M. Haplogroup M is nearby in the tree but not in the same grouping. This raises some questions 
about this sequence as to why it is grouped the way it is in the network and tree. To mention, the 
rest of the L3 haplogroup sequences are on the opposite side of the network. z2858 has both the 
SNP diagnostic marker for both haplogroup L3 and haplogroup M, which could mean it could 
belong to either haplogroup. One of the SNPs may happen to actually be a random mutation 
rather than a polymorphism. Does the tree or the network show a more accurate representation of 
the similarities between the sequences and their respective SNPs? Is the network able to show 
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similarities that the tree was not able to represent? Further analysis of the sequences, their SNPs 
and possibly their origins is needed.
 A disadvantage for the phylogenetic network, specifically with such a large dataset, is the 
difficulty in trying to see where the edges meet and split. There are so many edges, their lines 
overlap. It is very difficult to follow an edge. Zooming in doesn’t help, either, because the lines 
for the edges become so thick that the lines blur together. In this regard, the tree has the 
advantage because none of the branches overlap in a tree. It is very easy to see where to nodes 
diverged; this is not easy to see in the network. If SplitsTree could create thinner lines for the 
edges of the network, this might elevate some of the problem. 
 Generally, phylogenetic networks are a better option over phylogenetic trees because they 
can allow for more complex relationships. As previously stated, phylogenetic trees do not allow 
for parent nodes to still exist in population like networks do. Also, networks allow for hybrid 
nodes, not found in phylogenetic trees. Phylogenetics tends to be complex and therefore needs 
the ability to show the relationships properly.
Conclusions
 If this study was to be done again, there are a few things that should be done differently. 
A more powerful computer would make running the programs to generate the phylogenetic tree 
and network faster. It would also allow for a larger dataset to be tested. A large high definition 
display would also be beneficial in reviewing the results from the network. Possibly a larger 
display might help visually understand the edges to the network. 
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 If this study was to continue, it would be important to follow the same steps with a 
different data set. Are the same relationships present with different mtDNA sequences? It is to be 
hoped that this would hold true, meaning the results from this study hold true. If the results show 
different groupings, further study may be needed to see if networks would allow for a more 
accurate grouping of mtDNA sequences.
 Looking at haplogroups as super-haplogroups and sub-haplogroups give much insight 
into human migration and evolution. The super-haplogroups have been along longer and evolve 
earlier than the sub-haplogroups. This is consistent with past research on human migration, such 
as that done by Tiskoff et al.
 The current haplogroup groupings that exist today may actually be the best grouping for 
mtDNA sequences using the technology currently available. The few sequences in question, 
however, leave the possibility that as technology progresses, a better method for grouping 
mtDNA may emerge.
 Which is better, the phylogenetic network of the phylogenetic tree in the study of 
mtDNA? It is difficult to say because each has advantages and disadvantages. The information 
gathered from each is similar to one another. The network has a small advantage because of the 
better representation of the haplogroup groupings. 
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Appendix
Data Set
ID Sequence Infomation:
5 >gi113201582gbDQ904237.1 Homo sapiens isolate Ar505 mitochondrion, complete genome
19 >gi51894490gbAY738941.1 Homo sapiens isolate Tor2(ZE1043) mitochondrion, complete genome
29 >gi51894630gbAY738951.1 Homo sapiens isolate Tor12(ZE1090) mitochondrion, complete genome
57 >gi51895022gbAY738979.1 Homo sapiens isolate Tor40(#1) mitochondrion, complete genome
73 >gi51895246gbAY738995.1 Homo sapiens isolate Tor56(#87) mitochondrion, complete genome
85 >gi57903814gbAY882384.1 Homo sapiens isolate 6_U3b(Tor11) mitochondrion, complete genome
128 >gi166836126gbEU431085.1 Homo sapiens isolate 113_C1b4(IA_F1) mitochondrion, complete genome
237 >gi71726388gbDQ149516.1 Homo sapiens isolate J6 mitochondrion, complete genome
253 >gi82792290gbDQ301793.1 Homo sapiens isolate D1320 mitochondrion, complete genome
255 >gi82792318gbDQ301795.1 Homo sapiens isolate D1369 mitochondrion, complete genome
270 >gi82792528gbDQ301810.1 Homo sapiens isolate D5257 mitochondrion, complete genome
278 >gi82792640gbDQ301818.1 Homo sapiens isolate E1365 mitochondrion, complete genome
294 >gi145967639gbEF556163.1 Homo sapiens isolate 1586 mitochondrion, complete genome
319 >gi145967989gbEF556188.1 Homo sapiens isolate 5253 mitochondrion, complete genome
338 >gi156454845gbEU092668.1 Homo sapiens isolate L302 mitochondrion, complete genome
340 >gi156454873gbEU092670.1 Homo sapiens isolate L304 mitochondrion, complete genome
346 >gi156454956gbEU092676.1 Homo sapiens isolate L310 mitochondrion, complete genome
412 >gi156455888gbEU092742.1 Homo sapiens isolate L377 mitochondrion, complete genome
442 >gi156456515gbEU092772.1 Homo sapiens isolate L416 mitochondrion, complete genome
457 >gi156456724gbEU092787.1 Homo sapiens isolate L436 mitochondrion, complete genome
468 >gi156456878gbEU092798.1 Homo sapiens isolate L448 mitochondrion, complete genome
530 >gi156458139gbEU092860.1 Homo sapiens isolate L521 mitochondrion, complete genome
538 >gi156458251gbEU092868.1 Homo sapiens isolate L529 mitochondrion, complete genome
562 >gi156458586gbEU092892.1 Homo sapiens isolate L553 mitochondrion, complete genome
566 >gi156458639gbEU092896.1 Homo sapiens isolate L557 mitochondrion, complete genome
571 >gi156458709gbEU092901.1 Homo sapiens isolate L562 mitochondrion, complete genome
663 >gi171452759dbjAP010687.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SCsq0027
678 >gi171452969dbjAP010702.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SCsq0042
680 >gi171452997dbjAP010704.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SCsq0044
702 >gi171453305dbjAP010726.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SCsq0066
741 >gi171453851dbjAP010765.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SCsq0106
778 >gi226934086gbFJ625855.1 Homo sapiens isolate CB11 mitochondrion, complete genome
786 >FJ383176.1 Homo sapiens isolate DB72 mitochondrion, complete genome
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816 >FJ383206.1 Homo sapiens isolate SK91 mitochondrion, complete genome
824 >FJ383214.1 Homo sapiens isolate ST33 mitochondrion, complete genome
826 >FJ383216.1 Homo sapiens isolate ST62 mitochondrion, complete genome
828 >FJ383218.1 Homo sapiens isolate TO11 mitochondrion, complete genome
854 >FJ383244.1 Homo sapiens isolate KR11 mitochondrion, complete genome
860 >FJ383250.1 Homo sapiens isolate KK57 mitochondrion, complete genome
886 >FJ383276.1 Homo sapiens isolate KM46 mitochondrion, complete genome
908 >FJ383298.1 Homo sapiens isolate KU165 mitochondrion, complete genome
922 >FJ383312.1 Homo sapiens isolate GL4 mitochondrion, complete genome
932 >FJ383322.1 Homo sapiens isolate WA30 mitochondrion, complete genome
971 >FJ383361.1 Homo sapiens isolate KR6 mitochondrion, complete genome
983 >FJ383373.1 Homo sapiens isolate MN37 mitochondrion, complete genome
985 >FJ383375.1 Homo sapiens isolate MA133 mitochondrion, complete genome
989 >FJ383379.1 Homo sapiens isolate MA9 mitochondrion, complete genome
1001 >FJ383391.1 Homo sapiens isolate BK86 mitochondrion, complete genome
1020 >FJ383410.1 Homo sapiens isolate GL73 mitochondrion, complete genome
1064 >FJ383454.1 Homo sapiens isolate NI94 mitochondrion, complete genome
1106 >FJ383496.1 Homo sapiens isolate GL14 mitochondrion, complete genome
1144 >FJ383534.1 Homo sapiens isolate KM12 mitochondrion, complete genome
1158 >FJ383548.1 Homo sapiens isolate PB67 mitochondrion, complete genome
1168 >FJ383558.1 Homo sapiens isolate KK54 mitochondrion, complete genome
1170 >FJ383560.1 Homo sapiens isolate DB112 mitochondrion, complete genome
1174 >FJ383564.1 Homo sapiens isolate DB85 mitochondrion, complete genome
1194 >FJ383584.1 Homo sapiens isolate KM48 mitochondrion, complete genome
1248 >FJ383638.1 Homo sapiens isolate WA84 mitochondrion, complete genome
1278 >FJ383668.1 Homo sapiens isolate AD89 mitochondrion, complete genome
1325 >FJ383715.1 Homo sapiens isolate AD49 mitochondrion, complete genome
1329 >FJ383719.1 Homo sapiens isolate ML76 mitochondrion, complete genome
1359 >FJ383749.1 Homo sapiens isolate MT117 mitochondrion, complete genome
1377 >FJ383767.1 Homo sapiens isolate SK16 mitochondrion, complete genome
1414 >FJ383804.1 Homo sapiens isolate JK95 mitochondrion, complete genome
1430 >gi197090190gbFJ004809.1 Homo sapiens isolate G19 mitochondrion, complete genome
1442 >gi197090358gbFJ004821.1 Homo sapiens isolate Ko55 mitochondrion, complete genome
1450 >gi203282586gbFJ004829.2 Homo sapiens isolate Ori74 mitochondrion, complete genome
1456 >gi197090554gbFJ004835.1 Homo sapiens isolate Lam43 mitochondrion, complete genome
1460 >gi40846459gbAY495090.1 Homo sapiens isolate H1-01 mitochondrion, complete genome
1462 >gi40846487gbAY495092.1 Homo sapiens isolate H1-03 mitochondrion, complete genome
1488 >gi40846851gbAY495118.1 Homo sapiens isolate H1-29 mitochondrion, complete genome
1494 >gi40846935gbAY495124.1 Homo sapiens isolate H2-04 mitochondrion, complete genome
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1510 >gi40847159gbAY495140.1 Homo sapiens isolate H2-20 mitochondrion, complete genome
1518 >gi40847271gbAY495148.1 Homo sapiens isolate H3-03 mitochondrion, complete genome
1548 >gi40847691gbAY495178.1 Homo sapiens isolate H6-02 mitochondrion, complete genome
1550 >gi40847719gbAY495180.1 Homo sapiens isolate H6-04 mitochondrion, complete genome
1620 >gi40848699gbAY495250.1 Homo sapiens isolate K1-12 mitochondrion, complete genome
1626 >gi40848783gbAY495256.1 Homo sapiens isolate K2-05 mitochondrion, complete genome
1637 >gi40848937gbAY495267.1 Homo sapiens isolate T1-01 mitochondrion, complete genome
1649 >gi40849105gbAY495279.1 Homo sapiens isolate T1-13 mitochondrion, complete genome
1655 >gi40849189gbAY495285.1 Homo sapiens isolate T1-20 mitochondrion, complete genome
1692 >gi40849707gbAY495322.1 Homo sapiens isolate V1-17 mitochondrion, complete genome
1696 >gi40849763gbAY495326.1 Homo sapiens isolate V1-21 mitochondrion, complete genome
1760 >gi186694780gbEU660544.1 Homo sapiens isolate Aleut IV-3 mitochondrion, complete genome
1766 >gi186694864gbEU660550.1 Homo sapiens isolate Aleut VIII-3 mitochondrion, complete genome
1770 >gi186694920gbEU660554.1 Homo sapiens isolate Eskimo XII-3 mitochondrion, complete genome
1798 >gi119034928gbEF153779.1 Homo sapiens isolate Buryat_324 mitochondrion, complete genome
1817 >gi119035194gbEF153798.1 Homo sapiens isolate Buryat_621 mitochondrion, complete genome
1827 >gi119035334gbEF153808.1 Homo sapiens isolate Chukchi_9 mitochondrion, complete genome
1831 >gi119035390gbEF153812.1 Homo sapiens isolate Khamnigan_2 mitochondrion, complete genome
1847 >gi119035614gbEF153828.1 Homo sapiens isolate Koryak_41 mitochondrion, complete genome
1861 >gi89214181gbDQ358973.2 Homo sapiens isolate NF1_Twinpair_A mitochondrion, complete genome
1869 >gi254941532gbGQ389777.1 Homo sapiens isolate CP043 mitochondrion, complete genome
1983 >gi126217813gbEF449506.1 Homo sapiens haplotype K1a1 mitochondrion, complete genome
1985 >gi126360809gbEF452293.1 Homo sapiens haplotype J1 mitochondrion, complete genome
1988 >gi126466757gbEF458167.1 Homo sapiens haplotype H* mitochondrion, complete genome
2007 >gi148767710gbEF649971.1 Homo sapiens haplotype HV0 mitochondrion, complete genome
2017 >gi154705645gbEU074158.1 Homo sapiens haplotype H1 mitochondrion, complete genome
2021 >gi155964438gbEU089747.1 Homo sapiens haplotype H1 mitochondrion, complete genome
2023 >gi157056966gbEU124886.1 Homo sapiens haplotype U5a mitochondrion, complete genome
2082 >gi162289674gbEU327782.1 Homo sapiens haplotype K1a1b1a mitochondrion, complete genome
2091 >gi163659829gbEU344156.1 Homo sapiens haplotype K1a3a mitochondrion, complete genome
2133 >gi177666994gbEU616625.1 Homo sapiens haplotype K1a4a1 mitochondrion, complete genome
2145 >gi186911733gbEU675299.1 Homo sapiens haplotype K1a4 mitochondrion, complete genome
2153 >gi187763069gbEU677845.1 Homo sapiens haplotype K1a1a mitochondrion, complete genome
2193 >gi192337481gbEU828774.1 Homo sapiens haplotype H1 mitochondrion, complete genome
2195 >gi193085013gbEU849091.1 Homo sapiens haplotype K1b2 mitochondrion, complete genome
2197 >gi193789483gbEU862197.1 Homo sapiens haplotype K1a1b1a mitochondrion, complete genome
2210 >gi195929332gbEU935845.1 Homo sapiens haplogroup H1a mitochondrion, complete genome
2212 >gi195929290gbEU979542.1 Homo sapiens haplogroup T1 mitochondrion, complete genome
2230 >gi207081500gbFJ234984.1 Homo sapiens haplogroup I1 mitochondrion, complete genome
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2234 >gi209915973gbFJ380056.1 Homo sapiens haplotype J2b mitochondrion, complete genome
2276 >gi223047064gbFJ705809.1 Homo sapiens haplogroup A2f mitochondrion, complete genome
2278 >gi223366152gbFJ711775.1 Homo sapiens haplogroup H1 mitochondrion, complete genome
2310 >gi229424366gbFJ966912.1 Homo sapiens haplogroup H5a1 mitochondrion, complete genome
2314 >gi229609908gbFJ984932.1 Homo sapiens haplogroup U2e mitochondrion, complete genome
2330 >gi240000041gbGQ231312.1 Homo sapiens haplogroup X2d mitochondrion, complete genome
2332 >gi240252346gbGQ272387.1 Homo sapiens haplogroup H16 mitochondrion, complete genome
2348 >gi257802555gbGQ891957.1 Homo sapiens haplogroup U4b mitochondrion, complete genome
2370 >gi192334973gbEU742160.1 Homo sapiens isolate N1b1_BGU_2166_ash mitochondrion, complete genome
2392 >gi111218091gbAY339410.2 Homo sapiens isolate F9 (PO69) mitochondrion, complete genome
2426 >gi32892897gbAY339444.1 Homo sapiens isolate F43 (PS51) mitochondrion, complete genome
2432 >gi32892981gbAY339450.1 Homo sapiens isolate F49 (PO98) mitochondrion, complete genome
2434 >gi32893009gbAY339452.1 Homo sapiens isolate F51 (PS48) mitochondrion, complete genome
2487 >gi32893751gbAY339505.1 Homo sapiens isolate F104 (PK42) mitochondrion, complete genome
2497 >gi32893891gbAY339515.1 Homo sapiens isolate F114 (PK24) mitochondrion, complete genome
2529 >gi32894339gbAY339547.1 Homo sapiens isolate F146 (PK48) mitochondrion, complete genome
2541 >gi110609967gbAY339559.2 Homo sapiens isolate F158 (PL98) mitochondrion, complete genome
2543 >gi110609969gbAY339561.2 Homo sapiens isolate F160 (PO48) mitochondrion, complete genome
2560 >gi32894773gbAY339578.1 Homo sapiens isolate F177 (PS52) mitochondrion, complete genome
2564 >gi32894829gbAY339582.1 Homo sapiens isolate F181 (PL76) mitochondrion, complete genome
2623 >gi94980564gbDQ523628.1 Homo sapiens isolate 0176P mitochondrion, complete genome
2649 >gi94980928gbDQ523654.1 Homo sapiens isolate 00136U mitochondrion, complete genome
2718 >gi150022691gbEF660934.1 Homo sapiens isolate PA_EU_RO_0001 mitochondrion, complete genome
2736 >gi150022943gbEF660952.1 Homo sapiens isolate PA_EU_IT_0040 mitochondrion, complete genome
2769 >gi150023402gbEF660985.1 Homo sapiens isolate PA_EU_IT_0072 mitochondrion, complete genome
2790 >gi150023687gbEF661006.1 Homo sapiens isolate PA_EU_IT_0092 mitochondrion, complete genome
2805 >gi221164238gbEU725614.2 Homo sapiens isolate Inuit181 mitochondrion, complete genome
2815 >gi133854555gbEF184582.1 Homo sapiens isolate TZMW009_L5 mitochondrion, complete genome
2823 >gi133854667gbEF184590.1 Homo sapiens isolate sanC5_L0d mitochondrion, complete genome
2854 >gi133855097gbEF184621.1 Homo sapiens isolate tzms014_L2 mitochondrion, complete genome
2858 >gi133855153gbEF184625.1 Homo sapiens isolate tzhz061_L3f mitochondrion, complete genome
2874 >gi133855376gbEF184641.1 Homo sapiens isolate TZMW031_L3 mitochondrion, complete genome
2914 >gi171674981gbEU597509.1 Homo sapiens isolate HGDP01403 mitochondrion, complete genome
2953 >gi171675527gbEU597548.1 Homo sapiens isolate NA17091 mitochondrion, complete genome
2963 >gi171675667gbEU597558.1 Homo sapiens isolate NA17314 mitochondrion, complete genome
2984 >gi171675961gbEU597579.1 Homo sapiens isolate HGDP00810 mitochondrion, complete genome
3555 >gi114150373gbDQ981474.1 Homo sapiens isolate VNM165 mitochondrion, complete genome
3613 >Howell__35=061J
3623 >Howell__44=072U
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3639 >Howell__59=166H
3664 >Howell__163
3697 >Howell__386
3701 >Howell__401
3707 >Howell__561
3729 >Howell__583
3751 >gi134303253gbEF495221.1 Homo sapiens isolate pap12 mitochondrion, complete genome
3763 >gi13272696gbAF346973.1 Homo sapiens mitochondrion, complete genome
3771 >gi13272808gbAF346981.1 Homo sapiens mitochondrion, complete genome
3793 >gi13273116gbAF347003.1 Homo sapiens mitochondrion, complete genome
3809 >gi32348030gbAY289054.1 Homo sapiens isolate Aus16 mitochondrion, complete genome
3830 >gi32348324gbAY289075.1 Homo sapiens isolate 961 mitochondrion, complete genome
3834 >gi32348380gbAY289079.1 Homo sapiens isolate WE16 mitochondrion, complete genome
3873 >gi113201270gbDQ902709.1 Homo sapiens isolate Volga20 mitochondrion, complete genome
3875 >gi113201298gbDQ902711.1 Homo sapiens isolate Volga92 mitochondrion, complete genome
3929 >gi154101158gbEU007888.1 Homo sapiens isolate 217 mitochondrion, complete genome
3945 >gi205363723gbFJ198222.1 Homo sapiens isolate LHON family Le611 mitochondrion, complete genome
3961 >gi82492592gbDQ282396.1 Homo sapiens isolate A2-1-10 mitochondrion, complete genome
3967 >gi82492676gbDQ282402.1 Homo sapiens isolate A2-2-01 mitochondrion, complete genome
4020 >gi82493418gbDQ282455.1 Homo sapiens isolate C1-1-09 mitochondrion, complete genome
4026 >gi82493502gbDQ282461.1 Homo sapiens isolate C1-2-03 mitochondrion, complete genome
4111 >gi83266091gbDQ304931.1 Homo sapiens isolate L2a-1-08 mitochondrion, complete genome
4137 >gi83266455gbDQ304957.1 Homo sapiens isolate L2a-5-06 mitochondrion, complete genome
4171 >gi83266931gbDQ304991.1 Homo sapiens isolate L3b-1-02 mitochondrion, complete genome
4175 >gi83266987gbDQ304995.1 Homo sapiens isolate L3b-2-03 mitochondrion, complete genome
4177 >gi83267015gbDQ304997.1 Homo sapiens isolate L3b-2-05 mitochondrion, complete genome
4183 >gi83267099gbDQ305003.1 Homo sapiens isolate L3e-1-06 mitochondrion, complete genome
4193 >gi83267239gbDQ305013.1 Homo sapiens isolate L3e-2-04 mitochondrion, complete genome
4273 >gi189179646dbjAP009475.1 Homo sapiens mitochondrial DNA, complete genome, isolate: mdmd57
4556 >gi32891159gbAY255138.1 Homo sapiens isolate XJ8426 mitochondrion, complete genome
4566 >gi32891299gbAY255148.1 Homo sapiens isolate GD7817 mitochondrion, complete genome
4624 >gi195592625gbEU935438.1 Homo sapiens isolate EH6 mitochondrion, complete genome
4652 >gi195593017gbEU935466.1 Homo sapiens isolate EH34 mitochondrion, complete genome
4666 >gi167783281gbEU443455.1 Homo sapiens isolate DB65 mitochondrion, complete genome
4686 >gi167783559gbEU443475.1 Homo sapiens isolate KK38 mitochondrion, complete genome
4823 >gi122938085gbEF222249.1 Homo sapiens isolate B74 mitochondrion, complete genome
4842 >gi169792503gbEU545429.1 Homo sapiens isolate G161 mitochondrion, complete genome
4846 >gi169792559gbEU545433.1 Homo sapiens isolate P520 mitochondrion, complete genome
4866 >gi169792839gbEU545453.1 Homo sapiens isolate Sl73 mitochondrion, complete genome
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4870 >gi169792895gbEU545457.1 Homo sapiens isolate Sl118 mitochondrion, complete genome
4880 >gi158536752gbEU200760.1 Homo sapiens isolate Czech_2972_L2a1a mitochondrion, complete genome
4929 >gi48596151gbAY195754.2 Homo sapiens haplotype E9J mitochondrion, complete genome
4960 >gi48596208gbAY195785.2 Homo sapiens haplotype A6L2C mitochondrion, complete genome
4987 >gi220897745dbjAP010833.1 Homo sapiens mitochondrial DNA, complete genome, isolate: TK1057
5031 >gi116241927gbEF060352.1 Homo sapiens isolate 41_M1b1(Tor194) mitochondrion, complete genome
5042 >gi116517809gbEF064317.1 Homo sapiens isolate 1_U6a(Tor239) mitochondrion, complete genome
5070 >gi237652503gbGQ129143.1 Homo sapiens isolate 1_U5b3 (Tor280) mitochondrion, complete genome
5078 >gi237652615gbGQ129151.1 Homo sapiens isolate 9_U5b3a1a (Tor227) mitochondrion, complete genome
5116 >gi51450350gbAY713980.1 Homo sapiens isolate R91 mitochondrion, complete genome
5124 >gi51450462gbAY713988.1 Homo sapiens isolate R53 mitochondrion, complete genome
5138 >gi51450658gbAY714002.1 Homo sapiens isolate B46 mitochondrion, complete genome
5148 >gi51450798gbAY714012.1 Homo sapiens isolate A165 mitochondrion, complete genome
5160 >gi51450966gbAY714024.1 Homo sapiens isolate C35 mitochondrion, complete genome
5166 >gi51451050gbAY714030.1 Homo sapiens isolate T1 mitochondrion, complete genome
5230 >gi198386879gbFJ168745.1 Homo sapiens isolate #35(S-971122_Tor670) mitochondrion, complete genome
5262 >gi119380315gbEF177415.1 Homo sapiens isolate AT11 mitochondrion, complete genome
5266 >gi119380371gbEF177419.1 Homo sapiens isolate AT15 mitochondrion, complete genome
5274 >gi119380483gbEF177427.1 Homo sapiens isolate TA03 mitochondrion, complete genome
5299 >gi110169720gbDQ834257.1 Homo sapiens isolate VN-73 mitochondrion, complete genome
5312 >gi213989260gbFJ348159.1 Homo sapiens isolate H009 mitochondrion, complete genome
5320 >gi213989372gbFJ348167.1 Homo sapiens isolate H017 mitochondrion, complete genome
5352 >gi213989820gbFJ348199.1 Homo sapiens isolate ST029 mitochondrion, complete genome
5358 >gi213989904gbFJ348205.1 Homo sapiens isolate ST035 mitochondrion, complete genome
5390 >gi86450583gbDQ372879.1 Homo sapiens isolate PO332 mitochondrion, complete genome
5429 >gi78499005gbDQ246814.1 Homo sapiens isolate IND4 mitochondrion, complete genome
5439 >gi78499145gbDQ246824.1 Homo sapiens isolate IND14 mitochondrion, complete genome
5477 >gi118122881embAM263188.1 Homo sapiens complete mitochondrial genome, isolate Mingrelian #9
5506 >gi187961173gbEU600343.1 Homo sapiens isolate Druze=8 mitochondrion, complete genome
5536 >gi119221049gbEF093537.1 Homo sapiens isolate Am040 mitochondrion, complete genome
5540 >gi119221105gbEF093541.1 Homo sapiens isolate BD005 mitochondrion, complete genome
5550 >gi119221245gbEF093551.1 Homo sapiens isolate PH306 mitochondrion, complete genome
5587 >gi50295415gbAY519487.2 Homo sapiens isolate KoriakC2b mitochondrion, complete genome
5621 >gi60257210gbAY922268.1 Homo sapiens isolate B107 mitochondrion, complete genome
5623 >gi60257238gbAY922270.1 Homo sapiens isolate C64 mitochondrion, complete genome
5641 >gi60257490gbAY922288.1 Homo sapiens isolate A46 mitochondrion, complete genome
5646 >gi60257560gbAY922293.1 Homo sapiens isolate R37 mitochondrion, complete genome
5701 >gi240252139gbGQ119046.1 Homo sapiens isolate PH425 mitochondrion, complete genome
5707 >gi156077201gbEU095528.1 Homo sapiens isolate Arsario20 mitochondrion, complete genome
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5719 >gi156077369gbEU095540.1 Homo sapiens isolate Eskimo29 mitochondrion, complete genome
5739 >gi61287219dbjAP008256.1 Homo sapiens mitochondrial DNA, complete genome, isolate: GCsq0020
5748 >gi61287233dbjAP008265.1 Homo sapiens mitochondrial DNA, complete genome, isolate: TCsq0006
5760 >gi61287252dbjAP008277.1 Homo sapiens mitochondrial DNA, complete genome, isolate: TCsq0018
5783 >gi61287293dbjAP008300.1 Homo sapiens mitochondrial DNA, complete genome, isolate: TCsq0041
5794 >gi61287309dbjAP008311.1 Homo sapiens mitochondrial DNA, complete genome, isolate: TCsq0052
5858 >gi61287411dbjAP008375.1 Homo sapiens mitochondrial DNA, complete genome, isolate: PDsq0037
5879 >gi61287444dbjAP008396.1 Homo sapiens mitochondrial DNA, complete genome, isolate: PDsq0072
5900 >gi61287475dbjAP008417.1 Homo sapiens mitochondrial DNA, complete genome, isolate: PDsq0115
5921 >gi61287510dbjAP008438.1 Homo sapiens mitochondrial DNA, complete genome, isolate: PDsq0142
5957 >gi61287568dbjAP008474.1 Homo sapiens mitochondrial DNA, complete genome, isolate: KAsq0036
5963 >gi61287577dbjAP008480.1 Homo sapiens mitochondrial DNA, complete genome, isolate: KAsq0042
5984 >gi61287611dbjAP008501.1 Homo sapiens mitochondrial DNA, complete genome, isolate: KAsq0063
6042 >gi61287708dbjAP008559.1 Homo sapiens mitochondrial DNA, complete genome, isolate: ONsq0035
6065 >gi61287744dbjAP008582.1 Homo sapiens mitochondrial DNA, complete genome, isolate: ONsq0068
6072 >gi61287756dbjAP008589.1 Homo sapiens mitochondrial DNA, complete genome, isolate: ONsq0082
6088 >gi61287782dbjAP008605.1 Homo sapiens mitochondrial DNA, complete genome, isolate: ONsq0105
6140 >gi61287869dbjAP008657.1 Homo sapiens mitochondrial DNA, complete genome, isolate: HNsq0170
6209 >gi61288001dbjAP008726.1 Homo sapiens mitochondrial DNA, complete genome, isolate: HNsq0252
6219 >gi61288015dbjAP008736.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0018
6224 >gi61288022dbjAP008741.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0028
6230 >gi61288032dbjAP008747.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0045
6240 >gi61288046dbjAP008757.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0068
6246 >gi61288056dbjAP008763.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0087
6265 >gi61288086dbjAP008782.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0130
6284 >gi61288114dbjAP008801.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0178
6304 >gi61288147dbjAP008821.1 Homo sapiens mitochondrial DNA, complete genome, isolate: NDsq0216
6386 >gi61288286dbjAP008903.1 Homo sapiens mitochondrial DNA, complete genome, isolate: JDsq0087
6410 >gi94449823gbAY950292.2 Homo sapiens isolate O20 mitochondrion, complete genome
6423 >gi93280539gbDQ408676.2 Homo sapiens clone P12 mitochondrion, complete genome
6453 >gi217574172gbFJ467963.1 Homo sapiens isolate KT5 mitochondrion, complete genome
6459 >gi217574256gbFJ467969.1 Homo sapiens isolate B029 mitochondrion, complete genome
6531 >gi84682460gbDQ341067.1 Homo sapiens isolate 10_L3x(Tor82) mitochondrion, complete genome
6558 >gi222052050dbjAP010984.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SPsq0018, from 
Japanese schizophrenic patient
6596 >gi222052428dbjAP011011.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SPsq0045, from 
Japanese schizophrenic patient
6637 >gi222052960dbjAP011049.1 Homo sapiens mitochondrial DNA, complete genome, isolate: SPsq0086, from 
Japanese schizophrenic patient
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ID Sequence Infomation:
6652 >gi168251517gbEU482325.1 Homo sapiens isolate Yuk4 mitochondrion, complete genome
6707 >gi168251727gbEU482340.1 Homo sapiens isolate Chuk36 mitochondrion, complete genome
6711 >gi133712256gbEF114277.1 Homo sapiens clone BP3 mitochondrion, complete genome
6723 >gi133712312gbEF114281.1 Homo sapiens clone BN4 mitochondrion, complete genome
6730 >gi126038492gbEF429136.1 Homo sapiens isolate patient 9 clone B9 mitochondrion, complete genome
chimp >gi|5835121|ref|NC_001643.1| Pan troglodytes mitochondrion, complete genome
Code
CreateDB.pl
#!/usr/bin/perl
#Creator: Melissa Ruda
#Created: 3/8/10
use strict;
use warnings;
use Data::Dumper;
print "\n\n\n\n\n\n\n";
print "_____________________________" x 5;
print "\n\n\n\n\n\n\n";
my $dir = "/Users/mel/Documents/GradSchool/Thesis/data/mtDNAsequences";
#my $dir = "/Users/apple/Desktop/Melissa/data";
opendir DIR, $dir;
#print "I am in $dir\n";
open OUTPUT, ">toCreateDB.sql" or die "Cannot open toCreateDB.sql $!";
my $globalArrayCounter = 0;
my @headers;
my @sequences;
my @seqLengths;
my $allSeq = '';
my $fileOrDir;
my $full_name = "";
while (defined($fileOrDir = readdir(DIR))) { 
 next if $fileOrDir =~ /^\./; 
 $full_name = "$dir/$fileOrDir"; 
 if (-d $full_name){
  dirwalk($full_name); 
 }
 elsif (-f $full_name){
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  my @temp = getFASTAseqInfo($full_name);
  print OUTPUT "insert into mtDNAinfo (filename, header, sequence) values('$temp[0]', 
'$temp[1]', '$temp[2]');\n";
  $globalArrayCounter++;
 } 
 else { print "ERROR!\n";}
}
closedir (DIR);
##############  sub directories:
sub dirwalk{ 
 my ($path, $file, @files, $full_path); 
 $path = shift; 
 opendir (SUBDIR, $path) or die "Cannot open the subfolder for reading: $!\n"; 
 @files = sort grep {!/^\.{1,2}$/} readdir(SUBDIR); 
 closedir (SUBDIR); 
 for (@files){ 
  $full_path = "$path/$_"; 
  if (-d $_){
   #its a dir
   dirwalk("$path/$_");
   }
  else { #then its a file
     #this is a file
   my @temp = getFASTAseqInfo("$path/$_");
   print OUTPUT "insert into mtDNAinfo (filename, header, sequence) 
values('$temp[0]', '$temp[1]', '$temp[2]');\n";
   $globalArrayCounter++;   
  } 
 }
}
sub getFASTAseqInfo {
 my ($file) = @_;
 
 #print "$file\n";
 open FILE, $file
  or die "*Cannot read: $!\n";
 
 my $fastaSeqStr = ""; #this will be the data in the FASTA file in the form of a string
 my $i = 0; 
 while (my $line = <FILE>) {   #this puts the data in the FASTA file in the form of a string
   chomp($line) if ($i!=0);
   $fastaSeqStr = "$fastaSeqStr" . "$line";
   $i++;
 }
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 $fastaSeqStr =~ m/(.*?\n)(.*)/;
 my $header = $1;
 #print "header is $header\n";
 my $sequence = $2;
 $header =~ s/\012//gi;  #for NL
 $header =~ s/\015//gi;  #for CR
 $header =~ s/\174//gi; #for pipe
 
 $file =~ s/\'//gi;
 #$header =~ s/\047//gi;
 #$sequence =~ s/\010//gi;  #for NL
 #$sequence =~ s/\013//gi;  #for CR
 $sequence =~ s/\n//gi;  #for NL
 $sequence =~ s/\r//gi;  #for CR
 $sequence =~ s/\047//gi;
 
 return ($file, $header, $sequence);
}
findSNPs.pl
#!/usr/bin/perl
#Creator: Melissa Ruda
#Created: 3/8/10
use strict;
use warnings;
use DBI;
#use Config::Simple;
use DBConfig;
print "\n\n\n\n\n\n\n";
print "_____________________________" x 5;
print "\n\n\n\n\n\n\n";
#first find the sequences that were slected
my $seq = "GATCACAGGTCTATCACCCTATTAACCACTCACGGGAGCTCTCCATGCATTTGGTATTTTCGTCT-
GGGGGGTATGCACGCGATAGCATTGCGAGACGCTGGAGCCGGAGCACCCTATGTCGCAGTATCTGTCTTTGATTCCT
GCCTCATCCTATTATTTATCGCACCTACGTTCAATATTACAGGCGAACATACTTACTAAAGTGTGTTAATTAATTAATGC
TTGTAGGACATAATAATAACAATTGAATGTCTGCACAGCCGCTTTCCACACAGACATCATAACAAAAAA-
TTTCCACCAAACCCCCCC---TCCCCCCGCTTCTGGCCACAGCACTTAAACACATCTCTGCCAAACCCC-
AAAAACAAAGAACCCTAACACCAGCCTAACCAGATTTCAAATTTTATCTTTTGGCGGTATGCACTTTTAACAGTCAC
CCCCCAACTAACACATTATTTT-
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CCCCTCCCACTCCCATACTACTAATCTCATCAATACAACCCCCGCCCATCCTACCCAGCACACACACACC----
GCTGCTAACCCCATACCCCGAACCAACCAAACCCCAAAGACACCCCCC----ACAGTTTATGTAGCTTACCTCCTC-
AAAGCAATACACTGAAAATGTTTAGACGGGCTCACATCACCCCATAAACAAATAGGTTTGGTCCTAGCCTTTCTATTA
GCTCTTAGTAAGATTACACATGCAAGCATCCCCGTTCCAGTGAGTTCACCCTCTAAATCACCACGATCAAAAGGGAC
AAGCATCAAGCACGCAGCAATGCAGCTCAAAACGCTTAGCCTAGCCACACCCCCACGGGAAACAGCAGTGATTAAC
CTTTAGCAATAAACGAAAGTTTAACTAAGCTATACTAACCCCAGGGTTGGTCAATTTCGTGCCAGCCACCGCGGTCA
CACGATTAACCCAAGTCAATAGAAGCCGGCGTAAAGAGTGTTTTAGATCACCCCC-TCCCC-----
AATAAAGCTAAAACTCACCTGAGTTGTAAAAAACTCCAGTTGACACAAAATAGACTACGAAAGTGGCTTTAACATAT
CTGAACACACAATAGCTAAGACCCAAACTGGGATTAGATACCCCACTATGCTTAGCCCTAAACCTCAACAGTTAAAT
CAACAAAACTGCTCGCCAGAACACTACGAGCCACAGCTTAAAACTCAAAGGACCTGGCGGTGCTTCATATCCCTCT
AGAGGAGCCTGTTCTGTAATCGATAAACCCCGATCAACCTCACCACCTCTTGCTCAGCCTATATACCGCCATCTTCAG
CAAACCCTGATGAAGGCTACAAAGTAAGCGCAAGTACCCACGTAAAGACGTTAGGTCAAGGTGTAGCCCATGAGGT
GGCAAGAAATGGGCTACATTTTCTACCCCAGAAAACTACGATAGCCCTTATGAAACTTAAGGGTCGAAGGTGGATTT
AGCAGTAAACTGAGAGTAGAGTGCTTAGTTGAACAGGGCCCTGAAGCGCGTACACACCGCCCGTCACCCTCCTCAA
GTATACTTCAAAGGACATTTAACTAAAACCCC-
TACGCATTTATATAGAGGAGACAAGTCGTAACATGGTAAGTGTACTGGAAAGTGCACTTGGACGAACCAGAGTGTAG
CTTAACACAAAGCACCCAACTTACACTTAGGAGATTTCAACTTAACTTGACCGCTCTGAGCTAAACCTAGCCCCAAA
CCCACTCCACCTTACTACCAGACAACCTTAGCCAAACCATTTACCCAAATAAAGTATAGGCGATAGAAATTGAAACC
TGGCGCAATAGATATAGTACCGCAAGGGAAAGATGAAAAATTATAACCAAGCATAATATAGCAAGGACTAACCCCTAT
ACCTTCTGCATAATGAATTAACTAGAAATAACTTTGCAAGGAGAGCCAAAGCTAAGACCCCCGAAACCAGACGAGC
TACCTAAGAACAGCTAAAAGAGCACACCCGTCTATGTAGCAAAATAGTGGGAAGATTTATAGGTAGAGGCGACAAA
CCTACCGAGCCTGGTGATAGCTGGTTGTCCAAGATAGAATCTTAGTTCAACTTTAAATTTGCCCACAGAACCCTCTAA
ATCCCCTTGTAAATTTAACTGTTAGTCCAAAGAGGAACAGCTCTTTGGACACTAGGAAAAAACCTTGTAGAGAGAGT
AAAAAA-
TTTAACACCCATAGTAGGCCTAAAAGCAGCCACCAATTAAGAAAGCGTTCAAGCTCAACACCCACTACCTAAAAAA-
TCCCAAACATATAACTGAACTCCTCACACCCAATTGGACCAATCTATCACCCTATAGAAGAACTAATGTTAGTATAAG
TAACATGAAAACATT-
CTCCTCCGCATAAGCCTGCGTCAGATTAAAACACTGAACTGACAATTAACAGCCCAATATCTACAATCAACCAACAA
GTCATTATTACCCTCACTGTCAACCCAACACAGGCATGCTCATAAGGAAAGGTTAAAAAAAGTAAAAGGAACTCGG
CAAATCTTACCCCGCCTGTTTACCAAAAACATCACCTCTAGCATCACCAGTATTAGAGGCACCGCCTGCCCAGTGAC
ACATGTTTAACGGCCGCGGTACCCTAACCGTGCAAAGGTAGCATAATCACTTGTTCCTTAAATAGGGACCTGTATGAA
TGGCTCCACGAGGGTTCAGCTGTCTCTTACTTTTAACCAGTGAAATTGACCTGCCCGTGAAGAGGCGGGCATAACAC
AGCAAGACGAGAAGACCCTATGGAGCTTTAATTTATTAATGCAAACAGTACCTAACAAACCCACAGGTCCTAAACTA
CCAAACCTGCATTAAAAATTTCGGTTGGGGCGACCTCGGAGCAGAACCCAACCTCCGAGCAGTACATGCTAAGACT
TCACCAGTCAAAGCGAACTACTATACTCAATTGATCCAATAACTTGACCAACGGAACAAGTTACCCTAGGGATAACA
GCGCAATCCTATTCTAGAGTCCATATCAACAATAGGGTTTACGACCTCGATGTTGGATCAGGACATCCCAATGGTGCA
GCCGCTATTAAAGGTTCGTTTGTTCAACGATTAAAGTCCTACGTGATCTGAGTTCAGACCGGAGTAATCCAGGTCGG
TTTCTATCTACTT-
CAAATTCCTCCCTGTACGAAAGGACAAGAGAAATAAGGCCTACTTCACAAAGCGCCTTCCCCCGTAAATGATATCAT
CTCAACTTAGTATTATACCCACACCCACCCAAGAACAGGGTTT-
GTTAAGATGGCAGAGCCCGGTAATCGCATAAAACTTAAAACTTTACAGTCAGAGGTTCAATTCCTCTTCTTAACAAC
ATACCCATGGCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGGCATTCCTAATGCTTACCGAACGAAAA
ATTCTAGGCTATATACAACTACGCAAAGGCCCCAACGTTGTAGGCCCCTACGGGCTACTACAACCCTTCGCTGACGC
CATAAAACTCTTCACCAAAGAGCCCCTAAAACCCGCCACATCTACCATCACCCTCTACATCACCGCCCCGACCTTAG
CTCTCACCATCGCTCTTCTACTATGAACCCCCCTCCCCATACCCAACCCCCTGGTCAACCTCAACCTAGGCCTCCTATT
TATTCTAGCCACCTCTAGCCTAGCCGTTTACTCAATCCTCTGATCAGGATGAGCATCAAACTCAAACTACGCCCTGAT
CGGCGCACTGCGAGCAGTAGCCCAAACAATCTCATATGAAGTCACCCTAGCCATCATTCTACTATCAACATTACTAAT
AAGTGGCTCCTTTAACCTCTCCACCCTTATCACAACACAAGAACACCTCTGATTACTCCTGCCATCATGACCCTTGGC
CATAATATGATTTATCTCCACACTAGCAGAGACCAACCGAACCCCCTTCGACCTTGCCGAAGGGGAGTCCGAACTAG
TCTCAGGCTTCAACATCGAATACGCCGCAGGCCCCTTCGCCCTATTCTTCATAGCCGAATACACAAACATTATTATAAT
AAACACCCTCACCACTACAATCTTCCTAGGAACAACATATGACGCACTCTCCCCTGAACTCTACACAACATATTTTGT
CACCAAGACCCTACTTCTAACCTCCCTGTTCTTATGAATTCGAACAGCATACCCCCGATTCCGCTACGACCAACTCAT
ACACCTCCTATGAAAAAACTTCCTACCACTCACCCTAGCATTACTTATATGATATGTCTCCATACCCATTACAATCTCC
AGCATTCCCCCTCAAACCTAAGAAATATGTCTGATAAAAGAGTTACTTTGATAGAGTAAATAATAGGAGCTTAAACCC
CC-
TTATTTCTAGGACTATGAGAATCGAACCCATCCCTGAGAATCCAAAATTCTCCGTGCCACCTATCACACCCCATCCTA
AAGTAAGGTCAGCTAAATAAGCTATCGGGCCCATACCCCGAAAATGTTGGTTATACCCTTCCCGTACTAATTAATCCC
CTGGCCCAACCCGTCATCTACTCTACCATCTTTGCAGGCACACTCATCACAGCGCTAAGCTCGCACTGATTTTTTACC
TGAGTAGGCCTAGAAATAAACATGCTAGCTTTTATTCCAGTTCTAACCAAAAAAATAAACCCTCGTTCCACAGAAGC
TGCCATCAAGTATTTCCTCACGCAAGCAACCGCATCCATAATCCTTCTAATAGCTATCCTCTTCAACAATATACTCTCC
GGACAATGAACCATAACCAATACTACCAATCAATACTCATCATTAATAATCATAATGGCTATAGCAATAAAACTAGGAA
TAGCCCCCTTTCACTTCTGAGTCCCAGAGGTTACCCAAGGCACCCCTCTGACATCCGGCCTGCTTCTTCTCACATGA
CAAAAACTAGCCCCCATCTCAATCATATACCAAATCTCTCCCTCACTAAACGTAAGCCTTCTCCTCACTCTCTCAATCT
TATCCATCATAGCAGGCAGTTGAGGTGGATTAAACCAAACCCAGCTACGCAAAATCTTAGCATACTCCTCAATTACCC
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ACATAGGATGAATAATAGCAGTTCTACCGTACAACCCTAACATAACCATTCTTAATTTAACTATTTATATTATCCTAACT
ACTACCGCATTCCTACTACTCAACTTAAACTCCAGCACCACGACCCTACTACTATCTCGCACCTGAAACAAGCTAAC
ATGACTAACACCCTTAATTCCATCCACCCTCCTCTCCCTAGGAGGCCTGCCCCCGCTAACCGGCTTTTTGCCCAAATG
GGCCATTATCGAAGAATTCACAAAAAACAATAGCCTCATCATCCCCACCATCATAGCCACCATCACCCTCCTTAACCT
CTACTTCTACCTACGCCTAATCTACTCCACCTCAATCACACTACTCCCCATATCTAACAACGTAAAAATAAAATGACAG
TTTGAACATACAAAACCCACCCCATTCCTCCCCACACTCATCGCCCTTACCACGCTACTCCTACCTATCTCCCCTTTTA
TACTAATAATCTTATAGAAATTTAGGTTAAATACAGACCAAGAGCCTTCAAAGCCCTCAGTAAGTTGCAATACTTAATT
TCTGTAACAGCTAAGGACTGCAAAACCCCACTCTGCATCAACTGAACGCAAATCAGCCACTTTAATTAAGCTAAGCC
CTTACTAGACCAATGGGACTTAAACCCACAAACACTTAGTTAACAGCTAAGCACCCTAATCAACTGGCTTCAATCTA
CTTCTCCCGCCGCCGGGAAAAAAGGCGGGAGAAGCCCCGGCAGGTTTGAAGCTGCTTCTTCGAATTTGCAATTCAA
TATGAAAATCACCTCGGAGCTGGTAAAAAGAGGCCTAACCCCTGTCTTTAGATTTACAGTCCAATGCTTCACTCAGC
CATTTTACCTCACCCCC-
ACTGATGTTCGCCGACCGTTGACTATTCTCTACAAACCACAAAGACATTGGAACACTATACCTATTATTCGGCGCATG
AGCTGGAGTCCTAGGCACAGCTCTAAGCCTCCTTATTCGAGCCGAGCTGGGCCAGCCAGGCAACCTTCTAGGTAAC
GACCACATCTACAACGTTATCGTCACAGCCCATGCATTTGTAATAATCTTCTTCATAGTAATACCCATCATAATCGGAG
GCTTTGGCAACTGACTAGTTCCCCTAATAATCGGTGCCCCCGATATGGCGTTTCCCCGCATAAACAACATAAGCTTCT
GACTCTTACCTCCCTCTCTCCTACTCCTGCTCGCATCTGCTATAGTGGAGGCCGGAGCAGGAACAGGTTGAACAGTC
TACCCTCCCTTAGCAGGGAACTACTCCCACCCTGGAGCCTCCGTAGACCTAACCATCTTCTCCTTACACCTAGCAGGT
GTCTCCTCTATCTTAGGGGCCATCAATTTCATCACAACAATTATCAATATAAAACCCCCTGCCATAACCCAATACCAAA
CGCCCCTCTTCGTCTGATCCGTCCTAATCACAGCAGTCCTACTTCTCCTATCTCTCCCAGTCCTAGCTGCTGGCATCAC
TATACTACTAACAGACCGCAACCTCAACACCACCTTCTTCGACCCCGCCGGAGGAGGAGACCCCATTCTATACCAAC
ACCTATTCTGATTTTTCGGTCACCCTGAAGTTTATATTCTTATCCTACCAGGCTTCGGAATAATCTCCCATATTGTAACT
TACTACTCCGGAAAAAAAGAACCATTTGGATACATAGGTATGGTCTGAGCTATGATATCAATTGGCTTCCTAGGGTTT
ATCGTGTGAGCACACCATATATTTACAGTAGGAATAGACGTAGACACACGAGCATATTTCACCTCCGCTACCATAATC
ATCGCTATCCCCACCGGCGTCAAAGTATTTAGCTGACTCGCCACACTCCACGGAAGCAATATGAAATGATCTGCTGC
AGTGCTCTGAGCCCTAGGATTCATCTTTCTTTTCACCGTAGGTGGCCTGACTGGCATTGTATTAGCAAACTCATCACT
AGACATCGTACTACACGACACGTACTACGTTGTAGCCCACTTCCACTATGTCCTATCAATAGGAGCTGTATTTGCCATC
ATAGGAGGCTTCATTCACTGATTTCCCCTATTCTCAGGCTACACCCTAGACCAAACCTACGCCAAAATCCATTTCACT
ATCATATTCATCGGCGTAAATCTAACTTTCTTCCCACAACACTTTCTCGGCCTATCCGGAATGCCCCGACGTTACTCGG
ACTACCCCGATGCATACACCACATGAAACATCCTATCATCTGTAGGCTCATTCATTTCTCTAACAGCAGTAATATTAAT
AATTTTCATGATTTGAGAAGCCTTCGCTTCGAAGCGAAAAGTCCTAATAGTAGAAGAACCCTCCATAAACCTGGAGT
GACTATATGGATGCCCCCCACCCTACCACACATTCGAAGAACCCGTATACATAAAATCTAGACAAAAAAGGAAGGAA
TCGAACCCCCCAAA-
GCTGGTTTCAAGCCAACCCCATGGCCTCCATGACTTTTTCAAAAAGGTATTAGAAAAACCATTTCATAACTTTGTCAA
AGTTAAATTATAGGCTAAATCCTATATATCTTAATGGCACATGCAGCGCAAGTAGGTCTACAAGACGCTACTTCCCCTA
TCATAGAAGAGCTTATCACCTTTCATGATCACGCCCTCATAATCATTTTCCTTATCTGCTTCCTAGTCCTGTATGCCCTT
TTCCTAACACTCACAACAAAACTAACTAATACTAACATCTCAGACGCTCAGGAAATAGAAACCGTCTGAACTATCCT
GCCCGCCATCATCCTAGTCCTCATCGCCCTCCCATCCCTACGCATCCTTTACATAACAGACGAGGTCAACGATCCCTC
CCTTACCATCAAATCAATTGGCCACCAATGGTACTGAACCTACGAGTACACCGACTACGGCGGACTAATCTTCAACT
CCTACATACTTCCCCCATTATTCCTAGAACCAGGCGACCTGCGACTCCTTGACGTTGACAATCGAGTAGTACTCCCGA
TTGAAGCCCCCATTCGTATAATAATTACATCACAAGACGTCTTGCACTCATGAGCTGTCCCCACATTAGGCTTAAAAA
CAGATGCAATTCCCGGACGTCTAAACCAAACCACTTTCACCGCTACACGACCGGGGGTATACTACGGTCAATGCTCT
GAAATCTGTGGAGCAAACCACAGTTTCATGCCCATCGTCCTAGAATTAATTCCCCTAAAAATCTTTGAAATAGGGCCC
GTATTTACCCTATAGCACCCCCTCTACCCCCTC-
TAGAGCCCACTGTAAAGCTAACTTAGCATTAACCTTTTAAGTTAAAGATTAAGAGAACCAACACCTCTTTACAGTGA
AATGCCCCAACTAAATACTACCGTATGGCCCACCATAATTACCCCCATACTCCTTACACTATTCCTCATCACCCAACTA
AAAATATTAAACACAAACTACCACCTACCTCCCTCACCAAAGCCCATAAAAATAAAAAATTATAACAAACCCTGAGA
ACCAAAATGAACGAAAATCTGTTCGCTTCATTCATTGCCCCCACAATCCTAGGCCTACCCGCCGCAGTACTGATCATT
CTATTTCCCCCTCTATTGATCCCCACCTCCAAATATCTCATCAACAACCGACTAATCACCACCCAACAATGACTAATCA
AACTAACCTCAAAACAAATGATAACCATACACAACACTAAAGGACGAACCTGATCTCTTATACTAGTATCCTTAATCA
TTTTTATTGCCACAACTAACCTCCTCGGACTCCTGCCTCACTCATTTACACCAACCACCCAACTATCTATAAACCTAGC
CATGGCCATCCCCTTATGAGCGGGCGCAGTGATTATAGGCTTTCGCTCTAAGATTAAAAATGCCCTAGCCCACTTCTT
ACCACAAGGCACACCTACACCCCTTATCCCCATACTAGTTATTATCGAAACCATCAGCCTACTCATTCAACCAATAGC
CCTGGCCGTACGCCTAACCGCTAACATTACTGCAGGCCACCTACTCATGCACCTAATTGGAAGCGCCACCCTAGCAA
TATCAACCATTAACCTTCCCTCTACACTTATCATCTTCACAATTCTAATTCTACTGACTATCCTAGAAATCGCTGTCGCC
TTAATCCAAGCCTACGTTTTCACACTTCTAGTAAGCCTCTACCTGCACGACAACACATAATGACCCACCAATCACATG
CCTATCATATAGTAAAACCCAGCCCATGACCCCTAACAGGGGCCCTCTCAGCCCTCCTAATGACCTCCGGCCTAGCCA
TGTGATTTCACTTCCACTCCATAACGCTCCTCATACTAGGCCTACTAACCAACACACTAACCATATACCAATGATGGCG
CGATGTAACACGAGAAAGCACATACCAAGGCCACCACACACCACCTGTCCAAAAAGGCCTTCGATACGGGATAATC
CTATTTATTACCTCAGAAGTTTTTTTCTTCGCAGGATTTTTCTGAGCCTTTTACCACTCCAGCCTAGCCCCTACCCCCC
AATTAGGAGGGCACTGGCCCCCAACAGGCATCACCCCGCTAAATCCCCTAGAAGTCCCACTCCTAAACACATCCGTA
TTACTCGCATCAGGAGTATCAATCACCTGAGCTCACCATAGTCTAATAGAAAACAACCGAAACCAAATAATTCAAGC
ACTGCTTATTACAATTTTACTGGGTCTCTATTTTACCCTCCTACAAGCCTCAGAGTACTTCGAGTCTCCCTTCACCATT
TCCGACGGCATCTACGGCTCAACATTTTTTGTAGCCACAGGCTTCCACGGACTTCACGTCATTATTGGCTCAACTTTC
82
CTCACTATCTGCTTCATCCGCCAACTAATATTTCACTTTACATCCAAACATCACTTTGGCTTCGAAGCCGCCGCCTGAT
ACTGGCATTTTGTAGATGTGGTTTGACTATTTCTGTATGTCTCCATCTATTGATGAGGGTCTTACTCTTTTAGTATAAAT
AGTACCGTTAACTTCCAATTAACTAGTTTTGACAACATTCAAAAAAGAGTAATAAACTTCGCCTTAATTTTAATAATCA
ACACCCTCCTAGCCTTACTACTAATAATTATTACATTTTGACTACCACAACTCAACGGCTACATAGAAAAATCCACCCC
TTACGAGTGCGGCTTCGACCCTATATCCCCCGCCCGCGTCCCTTTCTCCATAAAATTCTTCTTAGTAGCTATTACCTTC
TTATTATTTGATCTAGAAATTGCCCTCCTTTTACCCCTACCATGAGCCCTACAAACAACTAACCTGCCACTAATAGTTA
TGTCATCCCTCTTATTAATCATCATCCTAGCCCTAAGTCTGGCCTATGAGTGACTACAAAAAGGATTAGACTGAACCG
AATTGGTATATAGTTTAAACAAAACGAATGATTTCGACTCATTAAATTATGATAATCATATTTACCAAATGCCCCTCATT
TACATAAATATTATACTAGCATTTACCATCTCACTTCTAGGAATACTAGTATATCGCTCACACCTCATATCCTCCCTACTA
TGCCTAGAAGGAATAATACTATCGCTGTTCATTATAGCTACTCTCATAACCCTCAACACCCACTCCCTCTTAGCCAATA
TTGTGCCTATTGCCATACTAGTCTTTGCCGCCTGCGAAGCAGCGGTGGGCCTAGCCCTACTAGTCTCAATCTCCAACA
CATATGGCCTAGACTACGTACATAACCTAAACCTACTCCAATGCTAAAACTAATCGTCCCAACAATTATATTACTACCA
CTGACATGACTTTCCAAAAAACACATAATTTGAATCAACACAACCACCCACAGCCTAATTATTAGCATCATCCCTCTA
CTATTTTTTAACCAAATCAACAACAACCTATTTAGCTGTTCCCCAACCTTTTCCTCCGACCCCCTAACAACCCCCCTC
CTAATACTAACTACCTGACTCCTACCCCTCACAATCATGGCAAGCCAACGCCACTTATCCAGTGAACCACTATCACGA
AAAAAACTCTACCTCTCTATACTAATCTCCCTACAAATCTCCTTAATTATAACATTCACAGCCACAGAACTAATCATAT
TTTATATCTTCTTCGAAACCACACTTATCCCCACCTTGGCTATCATCACCCGATGAGGCAACCAGCCAGAACGCCTGA
ACGCAGGCACATACTTCCTATTCTACACCCTAGTAGGCTCCCTTCCCCTACTCATCGCACTAATTTACACTCACAACA
CCCTAGGCTCACTAAACATTCTACTACTCACTCTCACTGCCCAAGAACTATCAAACTCCTGAGCCAACAACTTAATAT
GACTAGCTTACACAATAGCTTTTATAGTAAAGATACCTCTTTACGGACTCCACTTATGACTCCCTAAAGCCCATGTCGA
AGCCCCCATCGCTGGGTCAATAGTACTTGCCGCAGTACTCTTAAAACTAGGCGGCTATGGTATAATACGCCTCACACT
CATTCTCAACCCCCTGACAAAACACATAGCCTACCCCTTCC-
TTGTACTATCCCTATGAGGCATAATTATAACAAGCTCCATCTGCCTACGACAAACAGACCTAAAATCGCTCATTGCATA
CTCTTCAATCAGCCACATAGCCCTCGTAGTAACAGCCATTCTCATCCAAACCCCCTGAAGCTTCACCGGCGCAGTCAT
TCTCATAATCGCCCACGGACTTACATCCTCATTACTATTCTGCCTAGCAAACTCAAACTACGAACGCACTCACAGTCG
CATCATAATCCTCTCTCAAGGACTTCAAACTCTACTCCCACTAATAGCTTTTTGATGACTTCTAGCAAGCCTCGCTAAC
CTCGCCTTACCCCCCACTATTAACCTACTGGGAGAACTCTCTGTGCTAGTAACCACGTTCTCCTGATCAAATATCACT
CTCCTACTTACAGGACTCAACATACTAGTCACAGCCCTATACTCCCTCTACATATTTACCACAACACAATGGGGCTCA
CTCACCCACCACATTAACAACATAAAACCCTCATTCACACGAGAAAACACCCTCATGTTCATACACCTATCCCCCATT
CTCCTCCTATCCCTCAACCCCGACATCATTACCGGGTTTTCCTCTTGTAAATATAGTTTAACCAAAACATCAGATTGTG
AATCTGACAACAGAGGCTTACGACCCCTTATTTACCGAGAAAGCTCACAAGAACTGCTAACTCATGCCCCCATGTCT
AACAACATGGCTTTCTCAACTTTTAAAGGATAACAGCTATCCATTGGTCTTAGGCCCCAAAAATTTTGGTGCAACTCC
AAATAAAAGTAATAACCATGCACACTACTATAACCACCCTAACCCTGACTTCCCTAATTCCCCCCATCCTTACCACCCT
CGTTAACCCTAACAAAAAAAACTCATACCCCCATTATGTAAAATCCATTGTCGCATCCACCTTTATTATCAGTCTCTTC
CCCACAACAATATTCATGTGCCTAGACCAAGAAGTTATTATCTCGAACTGACACTGAGCCACAACCCAAACAACCCA
GCTCTCCCTAAGCTTCAAACTAGACTACTTCTCCATAATATTCATCCCTGTAGCATTGTTCGTTACATGGTCCATCATAG
AATTCTCACTGTGATATATAAACTCAGACCCAAACATTAATCAGTTCTTCAAATATCTACTCATCTTCCTAATTACCATA
CTAATCTTAGTTACCGCTAACAACCTATTCCAACTGTTCATCGGCTGAGAGGGCGTAGGAATTATATCCTTCTTGCTCA
TCAGTTGATGATACGCCCGAGCAGATGCCAACACAGCAGCCATTCAAGCAATCCTATACAACCGTATCGGCGATATCG
GTTTCATCCTCGCCTTAGCATGATTTATCCTACACTCCAACTCATGAGACCCACAACAAATAGCCCTTCTAAACGCTA
ATCCAAGCCTCACCCCACTACTAGGCCTCCTCCTAGCAGCAGCAGGCAAATCAGCCCAATTAGGTCTCCACCCCTGA
CTCCCCTCAGCCATAGAAGGCCCCACCCCAGTCTCAGCCCTACTCCACTCAAGCACTATAGTTGTAGCAGGAATCTT
CTTACTCATCCGCTTCCACCCCCTAGCAGAAAATAGCCCACTAATCCAAACTCTAACACTATGCTTAGGCGCTATCAC
CACTCTGTTCGCAGCAGTCTGCGCCCTTACACAAAATGACATCAAAAAAATCGTAGCCTTCTCCACTTCAAGTCAAC
TAGGACTCATAATAGTTACAATCGGCATCAACCAACCACACCTAGCATTCCTGCACATCTGTACCCACGCCTTCTTCA
AAGCCATACTATTTATGTGCTCCGGGTCCATCATCCACAACCTTAACAATGAACAAGATATTCGAAAAATAGGAGGAC
TACTCAAAACCATACCTCTCACTTCAACCTCCCTCACCATTGGCAGCCTAGCATTAGCAGGAATACCTTTCCTCACAG
GTTTCTACTCCAAAGACCACATCATCGAAACCGCAAACATATCATACACAAACGCCTGAGCCCTATCTATTACTCTCA
TCGCTACCTCCCTGACAAGCGCCTATAGCACTCGAATAATTCTTCTCACCCTAACAGGTCAACCTCGCTTCCCCACCC
TTACTAACATTAACGAAAATAACCCCACCCTACTAAACCCCATTAAACGCCTGGCAGCCGGAAGCCTATTCGCAGGA
TTTCTCATTACTAACAACATTTCCCCCGCATCCCCCTTCCAAACAACAATCCCCCTCTACCTAAAACTCACAGCCCTC
GCTGTCACTTTCCTAGGACTTCTAACAGCCCTAGACCTCAACTACCTAACCAACAAACTTAAAATAAAATCCCCACT
ATGCACATTTTATTTCTCCAACATACTCGGATTCTACCCTAGCATCACACACCGCACAATCCCCTATCTAGGCCTTCTT
ACGAGCCAAAACCTGCCCCTACTCCTCCTAGACCTAACCTGACTAGAAAAGCTATTACCTAAAACAATTTCACAGCA
CCAAATCTCCACCTCCATCATCACCTCAACCCAAAAAGGCATAATTAAACTTTACTTCCTCTCTTTCTTCTTCCCACTC
ATCCTAACCCTACTCCTAATCACATAACCTATTCCCCCGAGCAATCTCAATTACAATATATACACCAACAAACAATGTT
CAACCAGTAACTACTACTAATCAACGCCCATAATCATACAAAGCCCCCGCACCAATAGGATCCTCCCGAATCAACCCT
GACCCCTCCCCTTCATAAATTATTCAGCTTCCTACACTATTAAAGTTTACCACAACCACCACCCCATCATACTCTTTCA
CCCACAGCACCAATCCTACCTCCATCGCTAACCCCACTAAAACACTCACCAAGACCTCAACCCCTGACCCCCATGCC
TCAGGATACTCCTCAATAGCCATCGCTGTAGTATATCCAAAGACAACCATCATTCCCCCTAAATAAATTAAAAAAACT
ATTAAACCCATATAACCTCCCCCAAAATTCAGAATAATAACACACCCGACCACACCGCTAACAATCAATACTAAACCC
CCATAAATAGGAGAAGGCTTAGAAGAAAACCCCACAAACCCCATTACTAAACCCACACTCAACAGAAACAAAGCAT
ACATCATTATTCTCGCACGGACTACAACCACGACCAATGATATGAAAAACCATCGTTGTATTTCAACTACAAGAACAC
CAATGACCCCAATACGCAAAACTAACCCCCTAATAAAATTAATTAACCACTCATTCATCGACCTCCCCACCCCATCCA
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ACATCTCCGCATGATGAAACTTCGGCTCACTCCTTGGCGCCTGCCTGATCCTCCAAATCACCACAGGACTATTCCTAG
CCATGCACTACTCACCAGACGCCTCAACCGCCTTTTCATCAATCGCCCACATCACTCGAGACGTAAATTATGGCTGAA
TCATCCGCTACCTTCACGCCAATGGCGCCTCAATATTCTTTATCTGCCTCTTCCTACACATCGGGCGAGGCCTATATTA
CGGATCATTTCTCTACTCAGAAACCTGAAACATCGGCATTATCCTCCTGCTTGCAACTATAGCAACAGCCTTCATAGG
CTATGTCCTCCCGTGAGGCCAAATATCATTCTGAGGGGCCACAGTAATTACAAACTTACTATCCGCCATCCCATACATT
GGGACAGACCTAGTTCAATGAATCTGAGGAGGCTACTCAGTAGACAGTCCCACCCTCACACGATTCTTTACCTTTCA
CTTCATCTTGCCCTTCATTATTGCAGCCCTAGCAGCACTCCACCTCCTATTCTTGCACGAAACGGGATCAAACAACCC
CCTAGGAATCACCTCCCATTCCGATAAAATCACCTTCCACCCTTACTACACAATCAAAGACGCCCTCGGCTTACTTCT
CTTCCTTCTCTCCTTAATGACATTAACACTATTCTCACCAGACCTCCTAGGCGACCCAGACAATTATACCCTAGCCAAC
CCCTTAAACACCCCTCCCCACATCAAGCCCGAATGATATTTCCTATTCGCCTACACAATTCTCCGATCCGTCCCTAACA
AACTAGGAGGCGTCCTTGCCCTATTACTATCCATCCTCATCCTAGCAATAATCCCCATCCTCCATATATCCAAACAACA
AAGCATAATATTTCGCCCACTAAGCCAATCACTTTATTGACTCCTAGCCGCAGACCTCCTCATTCTAACCTGAATCGG
AGGACAACCAGTAAGCTACCCTTTTACCATCATTGGACAAGTAGCATCCGTACTATACTTCACAACAATCCTAATCCT
AATACCAACTATCTCCCTAATTGAAAACAAAATACTCAAATGGGCCTGTCCTTGTAGTATAAACTAATACACCAGTCT
TGTAAACCGGAGATGAAAACCTTTTTCCAAGGACAAATCAGAGAAAAAGTCTTTAACTCCACCATTAGCACCCAAA
GCTAAGATTCTAATTTAAACTATTCTCTGTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCAAGTATTGACTC-
ACCCATCAACAACCGCTATGTATTTCGTACATTACTGCCAGCCACCATGAATATTGTACGGTACCATAAATACTTGACC
ACCTGTAGTACATAAAAACCCAATCCACATCAAAACCCCCTCCCC--
ATGCTTACAAGCAAGTACAGCAATCAACCCTCAACTATCACACATCAACTGCAACTCCAAAGCCACCCCTCACCCAC
TAGGATACCAACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATAGCACATTACAGTC
AAATCCCTTCTCGTCCCCATGGATGACCCCCCTCAGATAGGGGTCCCTTGACCACCATCCTCCGTGAAATCAATATCC
CGCACAAGAGTGCTACTCTCCTCGCTCCGGGCCCATAACACTTGGGGGTAGCTAAAGTGAACTGTATCCGACATCTG
GTTCCTACTTCAGGGCCATAAAGCCTAAATAGC--CCACACGTTCCCCTTAAATAAGACATCACGATG";
my @snps = qw/0 663 3594 4216 4529 4580 4833 4917 5178 5843 6371 6392 7028 8392 8404 9055 
9090 10034 10118 10400 10873 11947 12308 12705 13078 13263 13626 14766/;
for (my $i=0; $i<@snps; $i++) {
 my $gaps = 0;
 my $substring = substr($seq, 0, $snps[$i]);
 for (my $k=0; $k<$snps[$i]; $k++) {
  my $char = substr($substring, $k, 1);
  if ($char eq "-") {
   $gaps++;
  }
 }
 print "$snps[$i] has $gaps gaps\n";
}
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